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The cause carcinoma—the subtlest human diseases to-day 
—is essentially biological problem, the attempted solution 
which has drawn out many wild guesses, not few misapplications 
biological principles, and some good working hypotheses. Stated 
its simplest form, the problem find out what causes the con- 
tinued division the epithelial cells the tumor. writ- 
ing tumors, quotes Berkeley the effect that have raised 
dust and then complain that cannot and uses this 
text undermine the various theories that have been constructed 
explain cancer. But Albrecht means lays the dust with 
his criticisms, while his own hypothesis that tumor only newly 
developing organ which appears later life than the normal organs 
rather thickens the cloud complicating the conceptions normal 
development. certainly get very little new light the cause 
cancer giving the tumor another name looking the 
abnormal growth whole; attention must, rather, focused 
upon the underlying biological phenomenon the division energy 
the individual cancer cell. 

half century ago Virchow pointed out the necessity studying 
the single cell would get the real interpretation vital 
phenomena health and disease, and biologists and pathologists 
alike the present day recognize and act upon the truth this 
belief. The single cell the center cancer growth; the 
ducing the disease, and, short, its reproduction and life history 
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are brought about the biological manifestations which are inter- 
preted morbid symptoms malignant growths. 

Comparative physiology teaches that while all animals from man 
perform the same vital functions which distinguish 
animals from plants the one hand and non-living things the 
other, the mechanism through which they are performed becomes 
more and more simple descend the scale. The complicated 
organs are replaced and the functions are equally well performed 
simple organs mere tissues the lower animals. With such 
simplification structure the single cells, while individually larger 
than the single cells mammals, have much more generalized 
work perform. The few hundred cells hydra jelly fish, 
the twenty-nine thirty cells dicyemid, without aggrega- 
tion into organs, perform amongst them all the functions diges- 
tion, assimilation, oxidation, secretion, excretion and reproduction, 
functions which are performed different organs higher ani- 
mals. Such cells are generalized, and physiologically are much 
more perfectly balanced than are the cells kidney, liver, heart 
brain. Finally, amongst the protozoa, find cells which the 
physiological balance perfect, for here, the same protoplasm, 
are performed all the vital functions which distinguish animate 
from inanimate things. 

The comparison, then, single epithelial mammalian cell with 
single free-living shows decided physiological super- 
iority the latter, since, capable independent existence, the 
much more perfect vital mechanism. The epithelial 
cell specialized for the performance single function—not 
the exclusion other functions for course living proto- 
plasm, but this one function predominates over all others. 
existence maintained, its needs supplied, the activity other 
cells similarly specialized for some one function, and dependent 
therefore upon these other co-laborers. The measure higher 
animal development the degree this differentiation and the 
complexity manifested the fact that these diversified and 
specialized cells are all for the good the organism 
whole. The development one group cells restrained and 
controlled this regulating power the whole, and development 
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and differentiation find their highest expression those organisms 
having the most specialized cells. 

every type animal there more less well defined ces- 
growth when the definitive type reached. This perfect 
type development the goal which every fertilized egg tends, 
and reach the egg, and the fertilized well, are 
endowed with certain potential division energy. When the 
perfect organism attained the individual cells cease multiply 
and their activities are now directed towards the one physiological 
object for which they are specialized; division resumed only 
when some external cause, such wound other injury, starts 
the inhibited development, while even this power multiplica- 
tion and regeneration lost some types physiologically unbal- 
anced tissue cells. 

all cells the higher animals the epithelial group retain the 
more perfectly balanced functions longer than those any other 
cell type. for example belong the covering cells the body, 
those the Malpighian layer the skin, retaining their division 
energy throughout the life the organism, and here belong the 
germ cells with their potential endless existence. But even 
this group the epithelial cells the potential division energy 
varies, and the highly specialized and physiologically unbalanced 
secreting cells early exhausted. 

the vital manifestations these cells the body that 
must look for the cause carcinoma. Here the dividing cell 
the seat malignant growths, and here the re-animation the 
latent division energy the real cause from five six deaths 
from cancer every hundred deaths from all causes. 

The carcinoma cell biologically perfect vital mechanism. 
longer epithelial cell; has become changed from such 
physiologically unbalanced unit, subject the control 
and regulation the organism, into physiologically balanced cell, 
uncontrolled and unregulated. 

Structurally the carcinoma cell differs from the functioning epi- 
thelial cell type; relatively larger; its nucleus larger, both 
relatively and absolutely the cell body, and reticulated proto- 
plasmic structure shows marked change from the functional secret- 
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ing cell. Functionally the carcinoma cell more perfect type 
than its orderly colleagues the epithelium. takes and assim- 
ilates abundance food, grows rapidly, especially when near the 
immediate source food, that is, the growing edge, and repro- 
duces its kind through the same complicated processes mitosis that 
characterize free living cells. short, complete animal 
organism itself, simulating many ways the parasitic 
but differing some the most important respects connected with 
the continued life the latter. 

The long-continued transplantation the Jensen tumor mice, 
the fact that each new transplantation results the formation 
mass cancer cells derived from the transplanted cells, and this 
now through nearly one hundred generations transplantations, 
indicates that the cancer cells are somehow endowed with the possi- 
bility indefinitely continued existence. is, therefore, dif- 
ferent from any animal organism that know, either among the 
simply constructed protozoa, among the more highly organized 
metazoa, for all such cases, indefinitely continued protoplasmic 
existence bound with phenomena fertilization and inheri- 
tance quite subtle and difficult analyze vitality itself. The 
cancer cell, far know, undergoes processes analogous 
fertilization. The observations Farmer, Moore and Walker? 
heterotypical mitosis cancer cells indicate only evidences 
the degenerative changes which the majority cancer cells must 
undergo, since impossible for all the products prolifera- 
tion find nutriment the host organism, escape from 
its protective reactions. Cytologists, furthermore, are constantly 
demonstrating that heterotypical mitosis only condition which 
may assumed cells under abnormal treatment. 
for example, has shown that normal somatic division figures are 
transformed into heterotypical mitoses treatment with ether and 
other poisons, and Miss Bonnevie* has recently shown that hetero- 
typical mitoses are common enough normally developing cells 
various animals and plants. This type mitosis, therefore, has 
nothing with the present problem evidence least the 

*Farmer, Moore and Walker, Proc. Roy. Soc., 1903, 1xxii, 
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cause cancer. The further observations Farmer, Moore and 
Walker reduced number chromosomes cancer cells are 
better explained along the lines early pointed out Hansemann, 
due abnormalities brought about deranged mitotic figures 
degenerating cells. So, too, the so-called 
epithelial cell another epithelial cell, leucocyte, main- 
tained the English observers, may easily disproved any 
one who takes the trouble follow out the history invading 
cells which are frequently found cancer tissue. Such invaders 
disintegrate and ultimately break down into particles which, since 
the beginning cancer research, have been variously interpreted 

Long continued observations free living cells, such the 
protozoa, have shown that periods activity alternate with periods 
depression vitality more less regular rhythmic change. 
Diagrams and represent the life histories two species 
ciliated protozoa, Paramecium aurelia and Oxytricha fallax, the 
former worked out Calkins,® the latter the 
variations the curves indicating rhythmic variations the vitality 
the protoplasm under observation. The regularly recurring deep 
depressions the Paramecium curve represent the periods com- 
plete exhaustion the division energy, exhaustion overcome 
the use artificial stimulants. Such studies have proved the 
unquestionable variability vitality these free living forms. 
certain embryonic cells, moreover, more 
rhythm development has been noted number different 
observers. this connection Wilson says: during the 
cleavage, the individual blastomeres are often found exhibit 
entirely different rhythms division, periods active division 
being succeeded long pauses, and sometimes entire cessa- 
tion division even very early 


With their balanced physiological activities similar those 
might expect alternating periods depression and 
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greater activity the protoplasm cancer cells. Although the 
evidence difficult analyze because the many factors involved 
the relations transplanted cells and new hosts, there cer- 
tain amount evidence show that alternations depression and 
vigor are characteristic these cancer cells, but whether such alter- 
nations are due variations the division-energy something 
else remains proved. 

The evidence for this alternaticn depression and vigor the 
cancer cell constantly growing. Bashford, Murray and Boyen 
have plotted curves based upon the percentages takes for ordi- 
nates and the length time for tumors grow the inoculating 
point for abscissas. Such curves show alternations waves 
growth and the authors argue that they indicate rhythms growth 
energy the cancer cells. 

Such interpretation, however, cannot readily granted. 
the first place, the rhythms growth, comparable with those 
free living, cleavage cell, should looked for the 
individual mouse and not successive batches mice. the 
second place curve such Bashford, Murray and present, 
introduces two distinct factors, one the percentage 
transplantation which will call the the cancer 
cells, the other the time factor development tumor. 
this time factor which really measures the growth energy the 
cells, the length time required for tumor develop indicating 
roughly the rate division the cells. With the statistical evi- 
dence hand these two factors may compared, and the compar- 
ison shows that something besides the growth energy involved 
what usually regarded the cancer cells. 
The accompanying diagram illustrates the point wish bring out. 

this diagram the one curve (continuous line) represents the 
variations infectiveness one the Buffalo Laboratory tumors, 
known the Brooklyn tumor; the other curve (broken line) indi- 
cates the number days required for development the point 
necessary kill the inoculated mice. Each curve based aver- 
ages all mice involved the successive transplantations, and the 
points obtained each curve represent common transplantations, 
that percentage takes and length time refer the same 
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cancer cells. For example Period Number the tumor cells upon 
inoculation large batch mice gave tumors per cent. 
the mice; large number these (17) died from the tumor, the 
average length time required being sixty-six days. then, 
means measuring the relative growth energy the cancer 
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cells different periods and corresponding measure the infec- 
tiveness the same cells. The curve shows that the two factors 
are means equivalent and that too much assumed choos- 
ing the percentage takes the measure growth energy. 
the outset and the early transplantations there is, true, 
definite relation between the energy growth and the infectivity 
the number days required falls steadily and the percentage 
takes rises just steadily, but after the tumor fully established 
the relationship apparently disappears and the two curves behave 
differently, the infectivity remaining high the average and quite 
independent the growth energy represented the time factor. 
The waves growth described Bashford, Murray and Boyen are 
here shown the regularly recurring alternations infectivity, and 
not the line showing growth energy.® the factor infec- 
tivity, therefore, which Bashford, Murray and Boyen have inter- 
preted the factor growth energy. this factor trans- 
planted cancer that runs rhythms successive batches and not the 
growth energy alone. The same phenomenon contrast shown 
(Plate XX) for our Brooklyn tumor similar that which 
the English pathologists give for the Jensen tumor observed 
their laboratory. For this curve the percentages are used 
for the ordinates and the number days required for the tumor 
grow the inoculating point, for the abscissas. The several 
points the curve marked with letters and numbers indicate the 
successive transplantations the tumor cells. The relative time 
development shown the length the lines between the 
points, while the successive waves represent the rhythmic alterna- 
tion the infectivity. This curve has the appearance being 
stretched out the ends and concentrated the middle, feature 
demonstrating the same phenomenon the double curve Dia- 
gram based upon somewhat different statistics, the ab- 
scissas representing the number days from inoculation inocu- 
lation instead from inoculation death the mice inoculated 
Diagram longer lines the beginning and the end 
minor fluctuations the line showing growth-energy, although quite 
regular this series, are small fall within the limits error. 
similar curves for other tumors this regularity not evident, while the char- 


acteristic rhythms shown the curve infectivity are similar those here 
given. 
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the curve show comparatively long periods growth, rela- 
tively little growth energy, while the center the shorter lines 
mark more rapid growth. After the initial period the first 
three four inoculations the percentage takes rises and remains 
high quite regardless the variations number days required, 
regardless the growth energy. The same rhythms noted 
Bashford, Murray and Boyen are evident here, sometimes concen- 
trated, other times drawn out according the changing ab- 
scissas. 

The tumor upon which this diagram based was treated all 
our tumor material for transplantation treated and descrip- 
tion the process will give the basis our belief the specific 
division energy the individual cancer cells. The original tumor 
cells, and all succeeding tumors, were ground mortar with 
given volume salt solution. The connective tissue strands 
were removed raking, and uniform doses one half cubic 
centimeter were introduced subcutaneously into each mouse 
series. 

This method transplantation means that the cancer cells are 
separated far possible from one another which gives greater 
chance for individual cells respond, or, the other hand, 
acted upon the protective factors the host. Their response, 
that is, the tumor which develops, is, perhaps, better indication 
the division energy the cells than large piece the cancer 
tissue introduced. The rate growth similar amounts 
such cancer cells inoculated successive transplantations the 
tumor, gives reasonably accurate measure the relative infec- 
tivity the cancer cells different periods, and this variable may 
charted. 

Transplantation (1) the primary tumor was made May 30, 
1905, the cancer mush being put into mice. None these died 
inside ten days, while per cent., developed tumors. One 
tumor suitable for transplantation developed days, while 
the cancer mice died. This tumor (2) was similarly teased 
and the cancer mush inoculated the regular dosages, into 
mice, which died inside ten days and per cent., 
developed tumors. One these tumors was ready for further 
inoculation days; second (3b) and third were ready 
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days. These turn were inoculated into different lots mice 
the fourth transplantation series, that lot inoculated with 
giving per cent. takes, and that from giving per cent. 
The tumors from this second lot were used for further transplanta- 
tions, the former for experiments and are therefore unsuitable for 
the present discussion. The mouse tumor designated 3b, giving 
per cent. takes upon re-inoculation, developed four tumors 
which were ready for transplantation 39, 51, and days, 
and they were inoculated different batches mice the fourth 
series. 

With the three transplantations which had been made this 
point the cancer cells had been growing from 180 200 days, and 
this time there noticeable shortening the period devel- 
opment from days after the first transplantation days 
the case 4a, and days 4b. increasing percentage 
takes, combined with the shortening the time development, 
indicates that the cancer cells were becoming accustomed the 
soil, use Bashford’s expressive term, the different host mice, 
and were gaining strength with each new transplantation. That 
they were not yet perfectly adapted, however, indicated the 
fact that the tumors which developed upon the fourth transplanta- 
tion were not equally established, some dying out altogether within 
two subsequent transplantations, while others gave rise highly 
virulent cancers. Thus inoculated into batch mice produced 
only per cent. takes and these required days, while 
the same strain upon re-inoculation into the sixth series, produced 
only per cent., after which the strain died out entirely. Tumor 
had more remarkable history for some its cells were apparently 
endowed with very high, and others with very low, potential 
vitality. This tumor, upon inoculation into the fifth series, pro- 
duced only per cent. takes marked decrease, but one 
the tumors which developed short period days (5f), 
gave rise most malignant strain running 100 per cent. 
takes the twelfth transplantation while another tumor 
(5c) from the same source (4b) required days and was com- 
paratively feeble, for, upon re-inoculation into the sixth series, 
gave only per cent. takes. seen, therefore, that this 
early period transplantation, the same tumor may give rise 
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highly virulent strain, weak strain, showing that the cancer 
cells are not fully adapted new soils. course there are always 
two factors take into consideration, one the division energy 
the cancer cells, the other, the natural resistance the host into 
which such cells are inoculated. not improbable that the batch 
mice into which was transplanted had relatively high pro- 
tective reaction, that the division energy the cells whole 
was restrained, but the rapid growth shows that here was 
mouse which such restraint was manifest, the natural resist- 
ance must have been weak else the particular nutritive conditions 
must have been suitable, for the cancer cells acquired high poten- 
tial activity. Tumor mouse must have been similar 
this respect, for the same cancer cells upon re-inoculation into the 
fifth series, now gave per cent. takes against 
per cent., and periods ranging from days. 

The further history the Brooklyn tumor the working out 
these two lines development, one from 4d, the other from 5f, and 
both strains the characteristic rise and fall rhythmic change 
well shown the curve. The high percentage takes from 
continued the next transplantation, alone being used the 
others were taken for experiments. This tumor, upon inoculation 
the sixth series, gave per cent. takes the short periods 
(6b and and days. After this, however, the 
infectivity declined for these tumors upon inoculation into the 
seventh series, yielded only per cent. and per cent. 
and days, respectively. The latter upon re-inocula- 
tion, however, shot again per cent. the eighth series and 
days, thus marking definite rhythm. 

The history tumor more interesting and marked 
series rapid growths and gradually increasing percentage 
takes. was transplanted into mice, which died ten 
days, while the others per cent., developed tumors. One 
these died from the cancer; another (6c) had transplantable 
tumor days, and this, when transplanted into mice, yielded 
per cent. 20, and days. the latter case (7d) there 
considerable evidence show that the tumor was held back 
the resistance the mouse host, for the malignancy the same 
tumor material was shown the rapid growth and the 
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fact that 7d, when transplanted into new batch, gave rise 
per cent. takes and all within days 

this period the history the curve becomes complicated 
through the converging lines but they all show certain optimum 
development followed fall and this renewal growth. 
The tumor good average example; this, when transplanted 
into series eight gave per cent. takes, some (8c and 
days, one days and one days. None the 
mice inoculated died within ten days. The history this set 
tumors varies somewhat the different cases; some the division 
energy the cancer cells decreased immediately, another 
decreased only after the following transplantation. Following out 
the history 8c, see from the diagram that, upon re-inoculation 
into fresh batch mice, none died within ten days while 
per cent., developed cancer, 9d, days, 24, two others 
38, and two days. Many these were used for experi- 
ments, but two the rapidly growing ones were transplanted 
and both cases there was marked decrease the division 
energy the cancer cells: 9d, which had developed very rapidly 
(13 days), was transplanted into mice Series 10, one which 
died within ten days, while only two tumors, per cent., devel- 
oped, these requiring days. One these two upon re- 
inoculation into fresh mice Series 11, gave rise per cent. 
tumors, two which (11f and 11g) were used for experiments, 
the first developed days, the second 77. 

Turning back 9d, which had the same ancestry ge, there 
the same evidence depression the energy the cancer cells 
coming from 8c. Tumor was transplanted into mice, 
which died within ten days, while per cent. developed tumors, 
which the greater number were used for experiments, all devel- 
oping within days. One (10a) was used for further transplant- 
ing into Series 11; was ready for inoculation days, and was 
put into mice Series 11. these died within days, 
while 10, per cent., developed cancers, 18, 
days. was inoculated into mice, which per cent., 
developed tumors. Its history, therefore, identical with that 
except that was one generation behind the latter. There 
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the same lull the division energy and the same recovery, and the 
same rhythm infecting power. 

All the tumors described are traced back tumor 
which came from the cancer cells very similar history 
shown the case tumors coming from likewise derived from 
7c. Here again the general result high percentage takes 
with short periods growth, general, high virulence 
the cancer cells. was developed and ready for transplantation 
days when was put into mice the ninth series; none 
these died within ten days, while 18, per cent., developed 
tumors, many being used for experiments one kind another, 
while four were transplanted into batches the tenth series. The 
periods development the tumors were for the most part 
relatively short; and requiring only days, two others 
days, and days, three others 23, others 30, and days, 
respectively. these 9a, and were used for further trans- 
plantation and their histories are remarkably similar. when 
inoculated into mice the tenth series (10d), gave per cent. 
tumors which required from days develop, and these 
tumors were used for experiments. 9b, when transplanted, gave 
small percentage (43 per cent.) takes (10f). There was, there- 
fore, well marked decline the division energy the cancer cells 
and the one tumor required days develop and this, when trans- 
planted into another batch mice, caused their death inside ten 
days. this ninth series, the tumor marked was the most suc- 
cessful and also the most remarkable; was transplanted into 
mice the tenth series, which died within ten days, while 20, 
per cent., developed cancer from days, all rapidly 
growing tumors, two which (10b and are given the 
curve, the former developing days, the latter 20. Each 
these tumors, when transplanted into new lots mice the 
eleventh series, gave reduced percentages takes. Tumor fell 
per cent., 11b and per cent. The progeny 
were used for experiments, while 10b was used for further trans- 
plantation. was put into mice the eleventh series, which 
none died, while 15, per cent., developed tumors follows: 
(sic) days, another 24, 11d 26, others 27, and 
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days, respectively. these tumors only 11b and 11d were 
used for further transplantation, the others going into experiments. 
Here, however, especial interest, for upon inoculation into 
mice Series twelve, 100 per cent. developed tumors (12a). 
these, one recovered spontaneously, while the others, when inocu- 
latd into new batches mice, caused the death all the latter 
within ten days (?). This malignant strain was thus brought 
speedy end. 

The other strain from carried mouse had better 
fate. was more slowly growing tumor, requiring days 
develop. This tumor, upon transplantation mice Series 
twelve, gave rise per cent. takes from days. 
Most the resulting tumors were used for different purposes but 
one, 12b, which required days, was again transplanted into 
mice Series 13, one which died and per cent. developed 
cancer periods varying from 12, 14, 18, and 31, days. 
Most these were not followed up, one only, 13, which required 
days, was transplanted into mice the fourteenth series, 
giving per cent. long periods development (56 days). 

Anyone who follows through these tedious details will see that 
the cancer cells contained the tumor-bearing mouse, 7c, all had 
the same history high proliferative energy followed decline. 
all cases followed out, this decline followed sharp rise 
division energy and the percentages takes. Sister cells 
tumor formed the tumor 7d, but required much longer period 
(80 days) develop. Although slower, these tumor cells had 
high potential division energy, shown the fact high 
percentages and quick periods the eighth and ninth series. The 
tenth series, like the tenth series the allied strain, brought 
decline, thus marking for this strain similar rhythm growth 
energy. 

The further history the transplantations needs 
analysis; the curve clearly shows, there continuation the 
rhythms infectivity, the average which remains high, while 
the time element becomes much longer, until the curve now has the 
aspect having been pulled out the ends and concentrated the 
middle. 
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hardly conceivable that this rhythmic development the 
cancer cells only artificial, due, that is, the fact inoculation 
into particularly susceptible mice, which, according Bashford, 
young mice offer the best examples. Such explanation might 
satisfactory for one two instances the phenomenon, but 
recurring regularly does, the phenomenon probably signifies 
something fundamental. developing embryo the rhythms 
growth energy the individual cells not indicate cessation 
growth for the organism whole, for while some the cells 
are resting others are dividing and developing. The energy 
growth applied sometimes this sometimes that group cells. 
cancer, however, there only the one type cells develop, 
and appearing different batches mice the phenomenon cannot 
attributed the source nutriment the cancer cells, but must 
looked for the cells themselves. previously stated these 
cells must regarded complete organisms, satisfying all 
their physiological needs through their own physiologically balanced 
activities. The source the alternating rhythms must, therefore, 
sought the cells. other and possibly analogous cases 
complete cellular organisms the cause the alternating periods 
looked for the variations the physiological activities. Thus 
the Paramecium experiments already mentioned, high division en- 
ergy the individual cells followed gradually lowering rate 
division until reduced nil. such periods depression 
was found that the cells could not reduce the highly stable con- 
dition the protoplasm more labile condition, and that they 
evidently lacked the power oxidation, forming the oxida- 
tive enzymes. This condition was relieved the use certain 
salts acting stimuli; them the labile condition was reéstab- 
lished and divisions rhythmic waves vigor again ensued (see 
Diagram 

the Paramecium cycle there was nothing interrupt the divid- 
ing activity the organisms save the ordinary course vitality. 
With the cancer cells there always the struggle maintain ex- 
istence against what must adverse conditions. The division en- 
ergy the cells retarded such conditions, result best shown 
the early periods the transplantations before the cells became 
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adapted the strange soil. The same phenomenon manifest 
the culture Paramecium, few days being required for the cells 
become adapted the culture medium. They seem survive 
well enough the medium, but they not divide with such regu- 
larity during the first few days afterwards when well established. 
The difference due the density the fluid medium which 
the organism finds itself rather than any change food. And 
may with the cancer cells; they have the same source 
food the new mouse which they are transplanted, but the 
environment little different and requires some time for them 
get started. Once started, however, there seems but little 
change their potential infectivity, although the periods 
development differ some considerable extent, the difference prob- 
ably being due the protective reactions the part the host 
mice. This shown well Diagram where the periods 
development days are contrasted with the percentages takes 
the different from start the tumor the 
present. plotted curve shows that the number days 
required for development the successive periods decreases, the 
percentage takes increases with great regularity, until, when once 
established, maintained regardless, apparently, the length 
time required for development. This fact indicates that the cancer 
cells are endowed with like power infection, but that the host 
animals exert retarding influence upon their development. All 
cancer cells cannot expected develop, hence too much 
expect 100 per cent. takes all the time; those cells maintain their 
existence which are endowed the parent tumor with the most 
advantageous equipment for growth. This not expected 
imperfect cells, degenerated cells, but those having the 
full complement cell organs, normal number chromosomes, 
division energy and the like. The success such cells may 
compared with that the gametocytes the malaria organisms; 
these are endowed with some property through which they are able 
withstand the digestive fluids the mosquito’s gut, while all 
other forms the malaria organisms are digested. with the 
cancer cells those persist which have the proper attributes and these 
attributes are apparently developed with some degree periodicity. 


= 
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there any evidence indicate the nature these particular 

The cancer cell gets its nourishment other epithelial cells; 
there little evidence support the belief Ehrlich that they 
make use specific Nahrsubstanz, although they are undoubtedly 
modified take more nourishment. They are bathed 
the same fluids, and are subject the same general conditions 
metabolism other epithelial cells. Other epithelial cells, how- 
ever, not multiply beyond the limits organic these 
cells and they are cancer cells because this power. Other 
normal epithelial cells, beyond one two divisions, not mul- 
tiply upon transplantation into other mice. The cancer problem, 
therefore, has with the specific attribute which distinguishes 
the cancer cells from these other epithelial cells, and are again 
brought back the question—what the origin source the 
stimulus which causes this infectivity combined with the increase 
the division energy? The conditions the environment 
cancer cells new batches mice cannot account for the stimulus 
continued development successive transplantations; this 
were true the percentage takes and rapidity growth would 
quite extensive the first transplantation the later ones. 
This, also, would the anticipated result the cancer cells have 
that vigor growth which should accompany them they were 
embryonic tissue cells, cells recently stimulated some initial 
stimulus, cells recently fertilized. The cancer cells must carry 
with them the sources their stimuli, and these stimuli must the 
same, both the primary tumor and the continued development 
that tumor’s cells, for cannot conceive that each new batch 
mice into which the cancer cells are transplanted provide the same 
identical physiological conditions those the first mouse 
which the cancer was primary tumor. Furthermore cannot 
conceive any reason why, the proper physiological conditions 
were present, there should rhythmic variations their produc- 
tion different sets mice, hence the conclusion seems inevitable 
that the source the stimulus development within asso- 
ciated with the cancer cell itself. 

the entire realm biology there are few analogues this 
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condition affairs. The favorite hypothesis the medical pro- 
Cohnheim theory embryonic tissue rests the 
cause cancer, cannot stand the biological test. Leaving out 
consideration that entirely unexplained set questions having 
with the position and conditions such cells during the periods 
growth and maturity, the cancer cells, after the tumor started, 
have none the attributes peculiar embryonic cells. Mere power 
proliferation not sufficient characteristic, while the funda- 
mental characteristics embryonic tissue cells are usually entirely 
ignored the advocates this theory. These conditions are 
somewhat more subtle than are the ordinary manifestations vi- 
tality, but they are none the less potent. refer the properties 
which all embryonic cells have differentiation combined with 
and self-regulation. Cancer cells have none these; 
there evidence differentiation although mountains 
mouse tissue have been grown from the cell progeny the 
original Jensen mouse. The absence any regulation and all 
whole which the goal all embryonic cells, evidence against 
the hypothesis. All these factors are characteristics embry- 
onic cells, and the biologist they are the most important and the 
most characteristic. theory embryonic tissue satisfies the 
conditions increased vitality and vigor growth shown this 
Jensen tumor, and must look other directions for its origin. 

Nor can the tumor origin traced any detached cell, which, 
freed from its supporting and regulating membrana propria, starts 
off independent career lawless development. This theory 
Ribbert postulates the metamorphosis ordinary epithelial 
cell into parasite endowed with potential indefinite vitality 
and development. does not account for the origin the stimu- 
lus the latent division energy, much less does account for the 
perpetuation that stimulus. too, lies the difficulty with 
the theory chemical stimulation which Marchand has elaborated. 
There evidence that initial stimulus can continue act 
this direction indefinitely, the impetus given soon wears off, and the 
gradually increasing vigor tumor like that the Brooklyn 
mouse, evidence quite strong enough indicate that the stimulus, 
whatever is, acquires strength rather than loses it. 
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The evidence, finally, interpret it, shows that the cancer cell 
carries with into each new mouse into which transplanted 
its own stimulus division. Furthermore this stimulus presum- 
ably issues from foreign organism rather than from integral 
part its own protoplasm, from product its own metabo- 
lism; the very definition stimulus involves the idea ex- 
ternal origin. are thus driven back these considerations and 
the facts infectivity shown above, the last resort 
biologist pathologist, viz., the suggestion that the cause 
the division energy lies the stimulating poison from some self- 
contained and ordinarily invisible micro-organism whose rhythmical 
variations vitality may, possibly, account for the rhythmic varia- 
tions infectivity. 

this connection find one the very few analogues 
cancer cell growth, the formation vegetable gall where the 
latent division energy the plant cells stimulated renewed 
activity poison secreted insect. often pointed out, 
however, this only far-fetched analogy, for the stimulus comes 
end, and the division energy wears off. more significant 
case the formation tumors the roots certain plants like 
the cabbage and its allies. Here, club root, the parenchyma cells 
the root are entered minute protozoan parasite. The or- 
ganism multiplies the cell protoplasm, which reacts the stimu- 
lus the parasite’s presence, and divides. The division repeated 
until great tumors are formed, parasite and protoplasm meantime 
living amicably together symbiosis. 

all attempts explain the cause cancer must the present 
time the nature tentative working hypotheses, the sug- 
gestion ultra-microscopic unrecognized organism not 
out place, the value hypothesis being measured the 
number phenomena which accounts for. The old arguments 
favor the parasite theory cancer, familiar everyone con- 
versant with the subject, apply the present case. Cage infection, 
early noted Borrel, observed Giard,. Ligniéres, Michaelis, 
the Buffalo laboratory, etc., finds its interpretation such hy- 
pothesis. The infectivity cancer cells, phenomenon which 
these cells differ from ordinary epithelial cells treated the same 


304 Rhythms Growth-Energy Mouse Cancer. 


way, added evidence which finds counterpart the tumors 
club-root type. Contrasted with these are tumors like vegetable 
galls, certain benign tumors and embryonic tumors man, all 
which there well-defined division energy the cells involved, 
but infectivity the part these cells. club root and 
cancer, division growth energy accompanied clearly defined 
infectiveness. club root infectivity due contained parasite, 
and the growth energy attributed the stimulus from that 
parasite. 

cancer have found parasite confined exclusively 
cancer tissue, but analysis the growth energy and the phenomena 
transplantation give evidence show that infectivity and divis- 
ion energy the cancer cells are not one and the same thing and 
that each has its own variations. The growth energy division 
energy the cancer cells, measured the periods required for 
growth successive batches mice, affords evidence 
rhythmic development such find embryonic cleavage cells 
free living organisms like the protozoa; there is, all proba- 
bility, such rhythmic growth but must take place the indi- 
vidual mouse all. infectivity, however, shows regular 
rhythm which cannot attributed the reactions mice 
batches lots varying number, but this periodicity may 
explained the regular variations vitality, similar those 
paramecium, oxytricha tillina parasitic organism. 

Many parasites have been assigned the human cancer cells. 
Protozoa all types have been held responsible one more 
investigators, but case have the claims been made good. The 
various morphological products epithelial blood cells that have 
been called parasites have served only weaken the hypothesis 
the parasitic origin cancer, which, with its power indefinitely 
continued proliferation very different thing, biologically, from 
benign tumor. 

certainly conceivable that parasite cancer may too 
minute seen with the technique our disposal. present 
time know great deal about the yellow fever organism; 
know the period incubation requires the human blood; 
know that requires from twelve fourteen days develop 
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the body mosquito before the latter able transmit the dis- 
ease; know that the disease cannot transmitted any other 
way, and yet, knowing all these things, the organism yellow 
fever has never been seen. will pass through the finest filters, 
and belongs, therefore, group which must perforce, until 
they are actually seen, consider ultra-microscopic organisms. 
Such parasites might adapted life the epithelial cell well 
the organisms club root are, and there the protoplasm might 
easily overlooked. has been suggested that species Spiro- 
cheta responsible for yellow fever, and spirochztes have actually 
been seen the kidney yellow fever victims. But they appar- 
ently not exist such the blood the mosquito. 
know nothing about the life history the group; 
analogous the life history most protozoa might well 
look for stages which ultra-microscopic size. 

continually find mouse cancer and not 
improbable that attach too little importance them. find 
furthermore certain relation between the virulence mouse can- 
cer and the numbers spiral organisms present; highly virulent 
strains the tissues are infested with the parasites and not beyond 
reason assume that the rapid death batches mice inoculated 
with virulent cancer cells due these Nor 
inconceivable that the parasites increase the susceptibility prepare 
the soil, speak, new host for the growth the cancer 
cells. the other hand, the same very similar 
found mice not infected with cancer, fact which weakens any 
theory that the the direct cause cancer, although 
the fact not fatal such theory. more serious objection 
that spirochetes are found human cancer, but the objection 
might met with the argument that may have been 
present the outset prepare the soil and provide the stimulus 
the potential dividing energy; furthermore, not know that 
human cancer transplantable. The rhythms infectivity, finally, 
may due the variations vitality these spirocheetes. 
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SUMMARY. 


conclusion may summarize the above biological observa- 
tions series theses follows: 

Cancer cells differ from other epithelial cells respect to: 
(a) Size relations nucleus and cell body; (b) power indefi- 
nitely continued division. 

Cancer cells differ from embryonic cells absence of: (a) 
power differentiation; (b) power codrdination parts 
whole; (c) power self-regulation and limit growth. 

The continued development the cancer cells subject the 
following factors: the inherent potential division the 
cancer cells. (b) The natural resistance the inoculated animals. 
The latter factor usually regarded the index malignancy 
tumor and based upon the percentage takes together with the 
period required kill the mice. Our experiments, however, show 
that the percentage takes independent the time factor, and 
indicate the presence third factor which may described 
(c) the potential “infectivity the cancer cells. 

The potential infectivity cancer cells characterized 
more less regular rhythms; these must distinguished from 
rhythms growth energy the cancer cells which all proba- 
bility occur within the individual mouse. Without the division 
energy the cancer cell this infectivity inoperative, hence 
follows that the cause the infectivity lies within the cancer cell 
constantly associated with it. 

Cancer cells differ from epithelial cells virtue this poten- 
tial infectivity combined with that division energy. There 
reason believe that the latter due the action stimuli 
and not the liberation restrained growth power embryonic 
tissue. There reason doubt that initial and discontinued 
stimulus responsible for these attributes the cancer cells. 
Certain benign tumors, vegetable galls, may due the action 
such initial stimuli, but them there infectivity. Embry- 
onic tumors, due embryonic cells, have high power differ- 
entiation combined with their division energy, but there infec- 
tivity. Infectivity distinguishes all cancerous growths from normal 
epithelium and from benign tumors teratomata. 
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The rhythms infectivity cancer cells, erroneously re- 
garded rhythms growth energy Bashford, Murray and 
Boyen, appearing they successive batches mice which 
may legitimately assume have like powers resistance, must 
have their cause the cancer cells themselves. These cells, there- 
fore, must equivalent parasites, else parasites are contained 
within associated with them. 

Upon any other hypothesis difficult conceive cells 
creating continual stimulus their own growth energy, and 
still more difficult explain the rhythms infectivity. 

Many lines evidence point the presence some possible 
organism within the cancer cell; some organism which, acting 
does Plasmodiophora brassice within vegetable cells, underlies the 
infectivity cancer cells and provides the stimulus for their con- 
tinued proliferation. Upon such assumption the numerous 
cases cage infection find their explanation. 

The various inclusions the cancer cell which have been 
described organisms have been disproved; yet the analogy 
club root and the many filter experiments show that the cause 
infection may lie within the cancer cell. conceivable that, like 
the yellow fever organism, such incitant may the proto- 
plasm and beyond our powers with the microscope locate. 

10. The which have found mouse cancer may 
have something with this infectivity cancer cells. They 
may useful preparing the new mouse hosts and 
making susceptible cell growth; they may have intracellular 
stages their life history which are too minute seen. The 
rhythms infectivity, finally, may expression the vitality 
these spirochetes the hypothetical ultra-microscopical or- 
ganisms accompanying cancer cells. 


CONTRIBUTION THE PATHOLOGY MYAS- 
THENIA GRAVIS. REPORT CASE WITH 
UNUSUAL FORM THYMIC TUMOR.! 


Pathologist Mt. Sinai Hospital, 


AND 


Associate Pathology, Mt. Sinai Hospital. 
(From the Pathological Department Mt. Hospital, New York.) 


Since the publication Wilks Guy’s Hospital Reports for 
1877 case presenting the clinical features bulbar paralysis, 
yet without any demonstrable lesions autopsy, our clinical knowl- 
edge this condition has been enriched the publication 
fairly numerous series similar cases. Various mental, sensory, 
secretory and vasomotor symptoms have been added from time 
time different observers the motor phenomena that usually 
dominate the clinical picture. Most characteristic among the latter 
are extreme muscular weakness and the myasthenic reaction first 
described Jolly 1895. Jolly found that subjecting the 
affected muscles tetanizing faradic current intervals one 
more seconds the muscular contractions became progressively 
weaker, until paresis even paralysis resulted. The same effect 
follows repeated voluntary contractions any group affected 
muscles. either case short period rest followed 
return the muscles their former condition excitability. Not 
less characteristic are intercurrent attacks dyspnea 
cardia with without fever, symptoms pointing apparent 
bulbar affection. the many names for this symptom- 
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complex, that advanced Jolly, gravis pseudopara- 
most generally accepted. 

Pathologically our knowledge this condition far less com- 
plete. review the literature prior 1901 contained 
Oppenheim’s exhaustive monograph the subject. have been 
able collect from the literature forty-five cases with more less 
complete autopsy records. this number desire add the 
following case that seems present some features especial 
interest. 


C., aged years, tailor, Russian birth, was admitted Mt. Sinai 
Hospital December 15th, 1906, the service Dr. Sachs, whom are 
indebted for the clinical history and use the case for publication. 

Family History—Negative. 

Past History—Had measles childhood. Uses alcohol very sparingly, but 
excessive cigarette smoker. 

Present months prior admission, after exposure, patient 
experienced dull heavy sensation chest together with difficulty inspiration. 
the same time noticed diplopia and diminution acuity vision that 
glasses failed relieve. During the past month vision has improved, but 
diplopia persists. There has been lachrymation for the past week. Very shortly 
after the onset, impairment motion shoulder girdle both sides well 
atrophy the affected muscles developed. months later, with impair- 
ment the movements the tongue, there ensued difficulty phonation, and 
regurgitation food through the nose. For the past three months there has 
been gradual atrophy the facial muscles with difficulty swallowing. The 
head has tendency fall forward the chest. Patient complains severe 
frontal headache, tinnitus aurium, and disturbance senses taste and smell. 
There has been marked emaciation and general weakness. 

Physical Examination Admission—General condition fair. Moderate 
emaciation. Sensorium clear. taste and smell normal. 

Eyes—Pupils contracted, but reaction light and accommodation normal. 
Slight lateral nystagmus. Corneal reflex absent. Slight weakness external 
Very marked weakness levatores and orbiculares palpe- 
brarum. Diplopia distance five feet. Color vision slightly disturbed. 


Mouth—Tongue deviates slightly left. Slight coarse tremor; atrophy. 


Pharyngeal reflex diminished. Articulation indistinct. 

Face—Flattening and falling cheeks. Jaw movements normal. Cannot 
purse lips, but can retract them show teeth. Wrinkling forehead normal. 
Jaw jerk and Chvostek’s phenomenon present. 

Lower Extremities—Patellar, Achilles, cremasteric and superior epigastric 
reflexes normal. Muscular power fair. Gait shows weakness otherwise 
normal. Romberg’s symptom absent. 

Upper Extremities—Movements flexion and extension wrist joint nor- 
mal; elbow weak. Range motion shoulder joint unimpaired, but all 
voluntary movements are weak, and even the slightest counter pressure can not 
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resisted. Slight atrophy both deltoids and infra- and supraspinati. 
Repeated voluntary abduction the arm followed complete transitory 
paralysis the muscles. Ataxia, fibrillary twitching and hypertonicity are ab- 
sent the muscles all the extremities. There reaction degeneration, 
but typical myasthenic reaction can elicited repeated stimulation with 
tetanizing faradic current the deltoid, spinati, and thigh muscles. 

Neck and Trunk—Head held erect with difficulty, and for short time only. 
Patient can not assume the erect from the recumbent posture unaided. 

Thoracic and abdominal organs negative, except for mild grade pul- 
monary emphysema. 

Urine shows few granular casts; albumin. Blood count normal. 

From January January there was gradual but slight 
the patient’s condition. The head could raised from full flexion and main- 
tained erect. Voluntary movements the arms were performed with less 
fatigue, and the power resistance counter pressure was increased. 

January was noted that without premonitory symptoms, the pulse 
rate suddenly increased 104 and the respirations 70. Breathing was 
stertorous, but the pulse remained good quality. Two hours later coma super- 
vened. This condition lasted two hours, after which the symptoms partially 
abated severity, the pulse, however, becoming irregular, and the dyspnea 
continuing. The following morning similar attack occurred, death ensuing 
within five minutes its onset. course the disease was afebrile 
throughout. report the autopsy performed twenty-four hours after death 
Dr. Libman follows: 

Autopsy.—Marked rigor mortis; well nourished. mesentery. 
Large lipomatous mass falciform ligament. 

skeletal muscles look pale. 

Thyroid—Not enlarged; macroscopic changes. 

Thymus—Weighs grammes; very firm; measures cm. length, 3.5 cm. 
width and cm. thickness. section pinkish-white color, very firm, 
lobulated, and cells can very easily scraped from surface. 

Trachea—Negative. 

Lungs—Old adhesions over both lungs. They are intensely congested. Small 
old cheesy area right apex. Bronchial lymph nodes and mediastinal nodes 
are anthracotic, some fibrous, others containing small cheesy areas. 

Heart—Right auricle dilated. Tricuspid segments slightly thickened. Slight 
fatty overgrowth over right ventricle. Left auricle dilated. Mitral segments 
somewhat thickened. thickened and 


flaps thickened insertion, slightly retracted. Corpora 


ened. Anterior coronary artery shows fairly marked thickening and atheroma 
its origin. congenital lesions. 

Diaphragm—Negative. 

Spleen—Old perisplenitis present. Pulp congested and rather soft. Weight 
270 grammes. 

Liver—Negative, except for slight congestion. Gall-bladder and ducts nega- 
tive. Weight 1750 grammes. 

Kidneys—Capsules not adherent; pelves rather large. section both kid- 
neys are congested and somewhat hard. Weight 330 grammes together. 

Adrenals—Rather large, congested, medulla thick. 


Esophagus—Somewhat dilated, fairly marked keratosis. 

Stomach and Intestines—Congestion stomach. Intestines practically nega- 
tive, except for cecum, beginning ascending colon, and lower part descend- 
ing colon, all which show congestion. 

Pancreas—Very large and congested. Weight 112 grammes. 

Bladder—Negative. 

Prostate—Contains few very small calcareous masses. 

Spine—A few supra-cartilaginous exostoses. 

Brain and Spinal Cord—No gross lesion. 


MICROSCOPIC FINDINGS. 


The material was fixed Zenker’s fluid, formalin, Marchi’s 
fluid and alcohol, and the sections were stained with hematoxylin 
and eosin, Van Gieson’s stain, Unna’s polychrome methylene blue, 
Mallory’s connective-tissue stain, Gram’s stain, Sudan III, Nissl’s 
stain and Weigert’s myelin stain. 

number sections from the psoas, longus 
colli, deltoid, supinator longus, rectus abdominis and diaphragm 
were studied and the results were fairly uniform every muscle. 
The constant lesion the voluntary muscles the presence 
smaller larger areas cellular infiltration. all the muscles 
examined were able find this lesion. most instances these 
areas are seen without difficulty; other times long search 
required and may necessary section many pieces muscle 
before single area can discovered. The cells these infiltra- 
tions are small size and uniformly round shape. Their nuclei 
are relatively large, usually round slightly oval form, and 
stain intensely with hematoxylin and the nuclear aniline dyes. 
Morphologically these cells resemble small lymphocytes. poly- 
nuclear leucocytes, plasma cells eosinophile cells are present 
the infiltrated areas, nor can any mitotic cells seen. sections 
where the muscle fibers are cut longitudinally these areas lympho- 
cytic infiltration are found situated between adjacent fibers 
which are separated slightly result. Occasionally the cells may 
seen between two three adjacent fibers. The infiltrations have 
tendency, longitudinal sections, form long, narrow bands 
which are easily seen upon examination account their intense 
staining qualities. the rectus abdominis area this kind 
was found which measures 0.95 mm. length and 0.078 mm. 
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width (see transverse sections the appearance some- 
what different. Here the cellular infiltrations are cut the oppo- 
site axis and appear oval roundish areas which vary consid- 
erably size. Some may show only cells while others 
may present ten twenty times that number. One the smaller 
areas the psoas muscle measured 0.1 mm. 0.03 mm., while 
larger area measured 0.3 0.15 mm. (see Fig. 2). Buzzard 
has suggested the term for these cellular infiltra- 
tions, coining the word designate that they are composed lym- 
phocytic cells infiltrating the muscle fibers red blood cells 
interstitial hemorrhages. This terminology shall adopt our 
paper for the sake convenience. Most the transverse sections 
show from one three small capillaries the central part each 
lymphorrhage. These capillaries appear quite normal and are often 
filled with blood (see Fig. 3). the longitudinal sections 
more difficult find these small vessels unless serial sections are 
examined. the study the deltoid several longitudinally cut 
capillaries are seen. possible, some these vessels, see 
the perivascular lymph spaces with ease, account the presence 
lymphoid cells which completely fill the dilated lymph spaces. 
one the capillaries the endothelium limiting the outer wall 
the perivascular lymph space clearly seen. This condition 
identical with that described the thymic tumor. the 
other vessels the large number and compact arrangement the 
cells obscure these details. The muscle fibers the immediate 
vicinity the lymphorrhages show degenerative atrophic 
changes. 

Some the muscle bundles have tendency stain more in- 
tensely than others, but this frequently seen normal muscles 
and can not considered pathological process. transverse 
sections Cohnheim’s fields are well marked most specimens. The 
striations are distinctly seen all sections. some the muscles 
rather prominent bands connective tissue which stain reddish 
Van Gieson’s method, may seen. Some these bands merge 
directly into the muscle fibers. these situations the sarcolemma 
cells are increased number and the transverse striations are some- 
what indistinct. Some these connective tissue bands have more 


less wavy outline and show few indistinct oval nuclei. They 
bear striking resemblance muscle fibers shape and size and 
must looked upon replacement fibrosis secondary degen- 
erative muscle changes. This lesion most marked the deltoid 
muscle. Otherwise only normal amount connective tissue 
present. evidence fatty degeneration seen osmic acid 
preparations and pigmentation can found any the mus- 
cles. few fibers are the seat marked degenerative changes. 
This particularly noted transverse sections the longus colli 
muscle. the fibers stain distinctly pinkish with Van Gieson’s 
stain, and the muscle nuclei are increased numbers. few 
vacuolated cells with peripherally situated nuclei are also seen. 
The protoplasm somewhat granular, quite different from the 
homogeneous appearance noted ordinary hyaline degeneration 
(see Fig. 4). This lesion, well that described above occur- 
ring the deltoid, may considered early degenerative atro- 
phic change. 

the study the psoas muscle few small areas are seen 
which show different picture. Here the sarcolemma cells are very 
numerous but the muscle fibers apparently are unchanged. few 
cells are also present showing pyknotic nuclear changes. 
difficult classify properly these cells, but look upon them 
polynuclear leucocytes with degenerating nuclei (see Fig. 5). 
Throughout the sections the walls the blood vessels not show 
any changes whatever. The medullated nerve fibers are likewise 
normal, and the sensory nerve-endings which 
are present some the muscles large numbers are apparently 
free from any pathological changes. 

Unfortunately the eye-muscles could not obtained for exami- 
nation. 

long search through many sections was pos- 
sible find few small areas infiltration this organ. Apart 
from their small size these areas not differ from those found 
the skeletal muscles. Otherwise changes are present, either 
the muscular portion, vessels nerves. 

was impossible discover any lymphorrhages this 
organ. moderate grade interstitial myocarditis present, 


314 Pathology Myasthenia Gravis. 


and few small masses hyaline matter may seen the con- 
nective tissue surrounding some the larger blood-vessels. The 
arteries themselves are not affected. The muscle nuclei vary con- 
siderably size and shape and many large irregular forms are seen 
which represent regenerative changes. striations are distinct 
throughout. 

Thymus Tumor.—Sections were cut from various parts the 
tumor order determine its origin and relationship the thymus 
gland proper. only few places could any normal thymus tissue 
found. some instances, was separated from the tumor 
layers connective-tissue, but other places was seen 
direct relationship with the tumor. The thymus tissue has 
normal appearance and contains small number Hassel’s cor- 
puscles, some which show calcareous changes, while con- 
tain keratohyaline cells and polynuclear leucocytes. some the 
sections the thymus tissue divided connective-tissue septa into 
small lobules. The tumor itself separated from the surrounding 
structures well-marked connective-tissue capsule and with the 
low power this seen extend into the tumor mass which thus 
divided into numerous lobes. The connective-tissue septa widen 
out many places, inclosing islands adipose tissue. Blood 
vessels considerable size are present these bands connective- 
tissue, also scattered areas blood pigment. Occasionally few 
small fibers are seen running for short distance from the septa 
into the tumor lobules. 

Upon examination the sections with the low power the tumor 
appears dotted with numerous slits, fissures and oval-shaped 
openings. With higher power seen that these openings are 
widely dilated lymph channels lymph spaces lined with endo- 
thelium. Some the larger channels are considerable length 
and have parallel walls; others are more less oval shape, due 
the angle which the section cut. The tumor proper 
very dense cellular structure. The cells are quite large, oval, 
polygonal irregular shape, and contain large vesicular nuclei 
with numerous chromatin granules. The cytoplasm granular and 
stains lightly with eosin picric acid. Throughout the sections 
the cells have tendency form concentric bodies fairly large 
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size, somewhat resembling those found psammoma and certain 
types endothelioma, but having direct connection with any 
blood vessels. many twelve, fifteen, more these bodies 
may counted single field. The cells these concentric 
bodies are spindle shape and their nuclei are long, narrow and 
curved the result compression (see Fig. 6). Some the 
larger tumor cells contain two more nuclei. few cells show 
vacuolization the cytoplasm, the nuclei remaining intact. con- 
siderable number nuclei throughout the sections show distinct 
nucleoli. None the cells show any mitotic changes. delicate 
stroma may seen between the cells those situations where the 
cells are less densely packed together. some the sections 
small islands lymphoid cells are seen scattered between the tumor 
cells. Hassel’s corpuscles are found here, but these areas give 
the impression being remnants thymus tissue. Small masses 
hyaline matter are seen here and there the tumor, some 
which are close proximity the blood vessels. 

The lymph spaces are well filled with large spherical cells which 
show faint outlines and coarsely granular cytoplasm. Most 
the cells contain small nucleus irregular shape which usually 
situated the periphery. Besides these, smaller lymphocytic cells 
and granular matter are seen filling the spaces. Some the larger 
cells show nuclear fragmentation. few degenerated areas con- 
cholesterin crystals are seen. 

The most interesting feature the relationship the tumor 
cells the lymph spaces and blood vessels. All the lymph 
spaces are lined endothelial cells, has been mentioned above. 
some fields appears though several parallel layers prolif- 
erated endothelium surrounded considerable portion the lymph 
space. These cells always stain more deeply than the tumor cells 
proper and some situations form distinct bundles spindle- 
shaped cells, merging gradually into the tumor cells. other 
places the tumor cells appear directly springing from the endo- 
thelium the lymph spaces (see Fig. 7). This most distinctly 
seen where the lymph spaces have been cut more less transversely, 
and such instances the cells have slight tendency grow ra- 
dially from their walls. 
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Blood vessels are very the tumor. These 
consist principally newly-formed capillaries, though small arteries 
with thin walls are also present. Some the latter show well- 
marked hyaline degeneration. zone lymphocytes surrounds 
each capillary. This may seen transverse well longi- 
tudinal sections. transverse sections these cells appear 
mantle close relationship the capillary wall. The anatomical 
position these cells can seen very clearly longitudinal sec- 
tions. Here have narrow band cells either side the 
capillary and parallel it. The cells are seen bounded 
one side the endothelium the capillary and the other side 
second row endothelium which must looked upon the 
outer wall the perivascular lymph space. other words, these 
cells are confined the perivascular lymph spaces. Just beyond 
these cells are clear spaces due retraction shrinkage and 
bounded the tumor cells proper (see Fig. 8). The first layer 
cells grows right angles the vessel walls and this radial 
arrangement may readily seen with the low power. They also 
stain more intensely than those situated greater distance from 
the vessels. There seems doubt that the tumor cells origi- 
nally sprung from the endothelium the perivascular lymph spaces, 
from which they have become detached (see Fig. 9). few 
fields, however, the tumor cells may still seen close relation- 
ship the lymph spaces, but rule retraction quite constant. 
The endothelium the capillaries normal throughout and has 
bearing the formation the tumor. 

this connection might not out place say few words 
regarding the discussion which has arisen concerning the perithe- 
lium bood vessels and its relationship perivascular tumors. 
The perithelium the blood vessels supposed represent the 
endothelium the perivascular lymph spaces, but most cases 
difficult impossible discover the presence second layer 
endothelium form outer wall these lymph spaces. 
the usual type perithelial growth with radial arrangement 
the tumor cells these are always closely united the vessel wall. 
This not the case our tumor, which well defined zone con- 
taining lymphocytic cells separates tumor cells from vessel wall. 


far the presence any outer endothelial boundary con- 
cerned, study our case demonstrates such layer those sec- 
tions where the capillaries are cut longitudinally. The fact that 
dilatation all the lymph vessels with marked lymph stasis pres- 
ent our case may account for the comparatively easy recognition 
the perivascular lymph spaces. possible that many the 
recorded cases perithelioma which the cells appear arise 
directly from the adventitia the blood vessels and where the peri- 
vascular lymph spaces are not dilated, belong this group. Our 
case demonstrates the fact that tumor cells may encircle and grow 
radially from blood vessel and still have direct attachment 
the vessel wall proper, but arise from outer layer endothelium 
bounding the perivascular lymph spaces. 

The proper classification this tumor somewhat difficult. 
Inasmuch the growth perilymphatic character, bears the 
same relationship lymphangio-endothelioma perithelioma 
does haemangio-endothelioma. therefore perilymphatic 
lymphangio-endothelioma. 

Thyroid Gland.—The alveoli are lined the usual layer epi- 
thelial cells and are well filled with colloid material. The blood 
vessels are all distended and filled with blood and the picture that 
acute congestion. Otherwise the sections appear quite normal. 

Lungs.—Sections show intense acute congestion. The alveoli 
are filled with finely granular exudate. some the alveoli 
desquamated epithelial cells are seen, many which are filled with 
coarse granules black brownish color. moderate amount 
anthracosis present, most marked the connective tissue 
stroma surrounding the larger blood vessels. 

this organ few areas lymphocytic infiltration are 
seen. The cells here are every way identical with those described 
the muscles. The areas are rather small and are situated appar- 
ently the capillaries between the liver cells. None these areas 
are found the vicinity any the larger blood vessels ducts. 
The liver shows moderate degree fatty degeneration and 
chronic congestion, with secondary atrophy and pigmentation 
the liver cells. 

capsule shows moderate grade perisplenitis. 
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intense degree acute congestion present. Some the 
blood vessels are surrounded coarse granules brownish pig- 
ment. Hyaline degeneration noted the walls many the 
arteries. 

Kidneys.—A moderate degree chronic interstitial nephritis 
seen. The epithelium the tubules shows parenchymatous degen- 
eration. The whole organ acutely congested and the capillaries 
the Malpighian bodies are very prominent. 

Adrenals.—In the cortical substance one adrenal large lym- 
phorrhage found. This situated close proximity small 
artery. The cells this area are the same those described before 
(see Fig. 10). Otherwise these organs show acute congestion 
involving the cortex well the medulla. 

organ the seat post-mortem degenerative 
changes. 

The other viscera not show any pathological changes. 

Nervous System.—Sections from the face, arm and leg centers 
the motor cortex, and from various levels the pons, medulla 
and cord were examined. Special attention was paid the study 
the nuclei the third, fourth, sixth, ninth, tenth, eleventh and 
twelfth nerves. pathological changes were noted the nerve 
cells any these regions. degeneration any tract was 
found either the Weigert Marchi methods. Sections from 
the hypophysis were also normal. 

the perivascular lymph spaces several small capillaries 
lymphocytic infiltrations were found. One these vessels was 
situated the grey matter near the tenth nucleus, the others the 
outer part the pyramidal tract ventral the olivary body (see 
Figs. and 12). lesions were found any the larger 
blood vessels the base. 

REMARKS. 


Under this heading only those cases which autopsy has been 
performed excised muscles examined will discussed. The first 
recorded lesion that may regarded typical myasthenia gravis 
was published Weigert the pathological study 
case observed clinically Laquer. the perimysium, well 
between the fibers the diaphragm and deltoid, the only muscles 
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examined, Weigert found small areas These 
cells resembled for the greater part the small round cells normally 
present the thymus. few epithelioid cells identical with those 
found the thymus were also demonstrable. Hassal’s cor- 
puscles were found. There was similar lesion the cardiac 
muscle. Occupying the site the thymus, but not adherent 
the subjacent structures, there was found soft tumor, cm. 
diameter. Microscopically this tumor showed large hem- 
orrhagic areas which lay scattered islands tissue consisting 
almost exclusively lymphoid cells but interspersed with few 
epithelioid cells. few Hassal’s corpuscles were also present. 
the small round cells had apparently invaded the walls some 
the smaller veins and filled their lumina, Weigert concluded that 
the tumor was lymphosarcoma, and the cellular infiltrations the 
muscles metastases. 

Weigert’s observations regarding the presence cellular infil- 
trations the skeletal muscles have been confirmed number 
subsequent observers—Goldflam, Link, Hun, Burr, Buzzard, Stein- 
ert, Boldt, Osann, Marburg, Frugoni. Not all these authors, 
however, are accord either the nature the significance 
these infiltrations, points that will discussed subsequently. 

noteworthy that eleven cases (including our own) 
about per cent. the cases that have come autopsy, some 
abnormality the thymus has been demonstrable. The earliest 
case this group that Oppenheim who 1899 reported 
lymphosarcoma the mediastinum about the size small apple 
occupying the site the thymus. Weigert’s case has already been 
mentioned. Hun, 1904, also reported lymphosarcoma the 
thymus, consisting microscopically islands epithelioid cells 
without any tendency the formation 
rounding these islands were small, round cells resembling 
cytes. Case VII Goldflam’s series, diagnosis mediastinal 
tumor, the ultimate cause death, was made, but autopsy was 
obtained. Thymic hypertrophy persistent thymus has been re- 
corded Link, Hoedlmoser, Burr and Buzzard (Cases II, IV). 
Finally, Buzzard’s Case presented thymus weighing 59.4 gms. 
and containing its lower portion multilocular cyst. Hoffmann 
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questions the origin many the reported cases primary neo- 
plasms the thymus, particularly the lymphosarcomata. be- 
lieves that the great majority tumors found this organ have 
their origin either the lymph nodes other structures the 
anterior mediastinum and involve the thymus secondarily, and cites 
case where large lymphosarcoma was found the anterior 
mediastinum child years age, the thymus remaining 
intact. Weigert himself drew attention the absence infiltra- 
tion the tissues surrounding the tumor his case. This has 
been noted both Oppenheim’s and Hun’s cases well our 
own. Despite the absence metastases and infiltration the 
surrounding tissues our case, feel justified, view the 
microscopic findings, concluding that are here dealing with 
actual neoplasm arising primarily from the thymus. Regard- 
ing the question metastases, well established fact that 
tumors endothelial origin often remain localized for many years. 

Bunge his text-book physiology states that the thymus 
organ functioning only during fetal life warm-blooded ani- 
mals, statement supported the researches Fischl, who 
extirpated this gland young dogs and chickens without observing 
any resulting effect upon growth development. Even Basch, 
who preceded Fischl these experiments, while coming diamet- 
rically opposite conclusions, has not recorded any condition even 
remotely simulating that myasthenia gravis. not feasible 
enter into discussion all the physiological experiments con- 
ducted with the view solving the vexed problem the etiology 
this disease. general may said that neither feeding 
with thymus extract nor its subcutaneous administration has led 
any satisfactory conclusion. Weigert, and subsequently Buz- 
zard, have suggested, possible that certain group cases 
presenting the symptom-complex known myasthenia gravis may 
ultimately attributed abnormally functionating thymus. 
That other so-called ductless glands may also play the 
causation this disease suggested typical case reported 
Tilney which large adenoma the glandular portion the 
pituitary body was present. The occurrence Basedow’s disease 
complication myasthenia gravis has been occasionally re- 


ported, but there are grounds assume causal connection 
between these two conditions. 

1898 Goldflam found pieces muscle excised from the 
deltoid case myasthenia gravis, cellular infiltrations similar 
those described Weigert, but containing epithelioid cells. 
the autopsy performed two years later lymphosarcoma the 
right lung (no microscopic examination) was found. The author 
concluded that the muscular infiltrations were metastases from the 
lung tumor. Hun also regards the cellular masses found the 
muscles the chest and upper arm his case metastases from 
the thymic tumor. This view the metastatic nature the cells 
the muscles difficult uphold. Weigert, who first propounded 
this theory, has himself suggested the possibility that these cells 
represent reaction metabolic processes dependent perver- 
sion the thymic function. Hun’s case the passive part played 
the lymphoid cells the thymic tumor contrasted with the 
active proliferation the larger epithelioid cells makes difficult 
understand why the latter should almost wholly lacking the 
muscle metastases. Finally, may pointed out that the same 
condition has obtained the muscles even the absence thymic 
tumor, well our own case, which the tumor endothe- 
lioma incapable producing lymphoid metastases. 

Both lymphoid and endothelioid cells the types found normally 
the thymus have been described Weigert, Hun, Burr and 
Steinert. The last author derives the endothelioid cells from the 
neighboring capillaries. the remaining cases collections lym- 
phoid cells alone have been present. Their close connection with 
capillaries was first pointed out Link, observation subse- 
quently confirmed Hun, Buzzard, Marburg, Frugoni and the 
authors. few polynuclear leucocytes were noted Goldflam 
and Hun, the latter also describing few eosinophile cells. recent 
hemorrhage was found Link one preparation, while Hun 
records the presence many red blood cells the lymphorrhages. 
The nature the cellular changes described Marburg and Fru- 
goni require separate consideration. addition lymphocytes 
among which few polynuclear leucocytes are scattered, Marburg 
describes cells resembling the former, but differing the shape 
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their nuclei which are oval and frequently show mitotic division. 
These regards proliferating, young sarcolemma cells. 
goni believes that many the cells present the muscular foci 
correspond the Unna, few, however, 
being true plasma cells. addition, both authors found degenera- 
tive changes the muscle fibers the neighborhood the cellular 
foci. They conclude, therefore, that the latter represent reaction 
degenerative myositis. 

Lymphocytic infiltration the internal organs were first recorded 
Buzzard, who found them the adrenal all the cases his 
series, the liver four cases, and the kidney, thyroid and 
peripancreatic fat tissue one case each. the liver and adrenal 
the neighboring cells the organs had undergone simple degenera- 
tion, the author states, from the pressure exerted the infiltra- 
tion. Marburg regards these foci analogous the muscular 
infiltrations; that is, reaction destructive inflammation 
affecting the parenchyma cells. The presence the lymphorrhages 
the liver and adrenal have been able confirm our case, 
but have seen degenerative changes the parenchyma cells such 
Buzzard describes. Moreover, although extensive muscular 
changes are present our case evidenced granular degenera- 
tion, areas proliferating sarcolemma cells, and the formation 
new connective tissue, these lesions bear relation the loca- 
tion the lymphorrhages. must therefore conclude with 
Buzzard that are here dealing with true lymphocytic infiltrations 
that are not the result.of inflammatory reaction. discussing 
the origin these cells, Buzzard inclined believe that they are 
derived from the blood current the capillaries, basing his conclu- 
sion upon his findings the heart Case III his series which 
the capillaries this organ were engorged with lymphocytes. 
the lymphorrhages our case these cells very evidently lie the 
perivascular lymph spaces, both the central nervous system and 
the muscles. are inclined the view that here well 
the other situations which they are found, the lymphocytes 
are derived from the dilated perivascular lymph spaces. 

Slight and localized degenerative changes the muscles have 
been described number other writers myasthenia gravis. 
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Both Link and Goldflam record few atrophic fibers the site 
the lymphorrhages. Sossedorf and Liefman found increase 
the adipose and connective tissue the tongue well atrophic 
fibers and evidences inflammation. Dejerine and Thomas found 
granular degeneration the muscle fibers the tongue and larynx 
but lay stress upon its presence. Raymond and Alquier report 
homogeneous degeneration the sarcoplasm with fragmentation. 
Fatty degeneration has been recorded Senator doubtful case), 
Marburg well Frugoni preparations fixed osmic 
acid, and Steinert fresh preparations. the last three au- 
thors the fat droplets are described occurring longitudinal 
rows simulating the normal striations. mentioned above 
have been unable confirm this lesion our case, although numer- 
ous sections were studied with this point view. found 
swelling the muscular fibers, indistinct striations and prolifera- 
tion sarcolemma cells. Buzzard’s series five cases, the 
fibers the skeletal and ocular muscles were for the most part 
normal. and there, however, were fibers with rounded con- 
tour and diminished affinity for acid stains. Only Case 
rapidly fatal case, was the degeneration the fibers adjacent the 
lymphorrhages, more advanced. hyaline and granular degen- 
eration were quite marked, few fibers showing vacuolization and 
proliferation the sarcolemma cells. few lymphocytes infil- 
trated individual muscle fibers. Similar changes, also rela- 
tively small number fibers, were present the case reported 
Frugoni. Muscular atrophy has been reported only few cases 
clinically, most often the tongue. have been 
able find instance extensive atrophy recorded although 
Buzzard considers that the changes found the muscles his 
series cases may represent beginning atrophy the fibers. 
our case the muscular lesions are mostly degenerative nature, 
but atrophic fibers are present most the sections made from the 
deltoid and longus colli muscles. The situation these atrophic 
changes would correspond the atrophy the deltoid noted the 
clinical examination. 

Although numerous minor changes the nervous system, 
well few anomalies, have been described different investi- 
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gators, constant pathological lesion which the recognized 
symptom-complex can attributed has yet been demonstrated. 
The lesions the central nervous system recorded our collected 
series may thus 

Anomalies brain and spinal cord. 

(a) Reduplication central canal dorsal and lumbar 
segments cord. the latter situation three 
canals all lined epithelium pursue short course 
(Senator I). 

(b) Analogous condition the lower and middle thirds 
the aqueduct Sylvius (Oppenheim 

(c) Median dorsal fissure cord from third fifth 
lumbar segments. Pons, medulla and cerebellum 
smaller than normal (Burr and McCarthy). 

(d) Cellular proliferation near central canal (Link). 

(e) Obliteration central canal primitive ependymal 
cells (Frugoni). 

II. Anomalies cranial nerves. 

(a) Abnormal thinness trunks hypoglos- 
sus, vagus and accessorius roots) (Liefman, both 
abducens). 

(b) Primitive fibers without degeneration (Oppenheim, 
II, both hypoglossi) (Eisenlohr, hypoglossus, 
accessorius, vagus, facial). 

(c) Slight discoloration facial nerves and the ante- 
rior roots some the spinal nerves (Jolly). 

III. Degeneration fibers one more cranial 
sedorf, Widal-Marinesco, Dejerine and Thomas, Burr 
and McCarthy, Mayer, Batten and Fletcher, Fajersztayn. 

IV. Changes cells nuceli medulla and pons (chromato- 
lysis Marinesco). 

Leptomeningitis (Long and Wiki, Osann). 

VI. Cyst anterior lobe left hemisphere following old hem- 
orrhage (Berkeley). 

VII. Homogeneous masses (probably coagulated lymph, Mar- 
burg) the cord, medulla, pons and roots facial 
nerves. Where Marchi’s fixing fluid has been employed 
these masses stain black. 
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VIII. Recent hemorrhages, subpial about nuclei brain 
stem (many authors). 

Scattered hemorrhages have been the most frequently observed 
lesion the nervous system, but these have always been desig- 
nated recent and attributed the suffocative symptoms imme- 
diately preceding death. The utter lack uniformity the 
lesions thus tabulated itself sufficient demonstrate that the 
clinical picture myasthenia gravis cannot dependent upon 
them. Marburg correctly states, all the changes recorded 
the nervous system have been found either pathological con- 
ditions bearing relation myasthenia gravis, even appar- 
ently normal cases. 

Infiltrations the nervous system have heretofore been recorded 
only Buzzard who found small collections lymphocytic cells 
number the posterior root ganglia. While have been 
able demonstrate the presence several lymphorrhages the 
medulla, their situation and scarcity seem indicate that they have 
bearing the bulbar phenomena manifested clinically. Their 
pathological significance will discussed subsequently. 

none the recorded cases have any changes been found 
the peripheral nerves. Unfortunately these were not preserved for 
examination our case. 


PATHOGENESIS. 


The pathological and physiological data our command are too 
inconclusive warrant the formulation pathogenetic theory 
myasthenia gravis. Many such theories, some which have 
already been discussed, have been advanced. Among earlier writ- 
ers, Oppenheim classifies the disease neurosis, possibly based 
upon congenital anlage. support this view cites that 
group cases which somatic anomalies anomalies the 
nervous system have been present. Etiological significance has 
also been ascribed the toxemia arising either from tumors 
thymic other origin, from coprostasis, from pregnancy from 
various antecedent infectious disease. Among more recent writers 
particular stress has been laid upon disturbances metabolism. 
the result his investigations along these lines Kaufman con- 


326 Pathology Myasthenia Gravis. 


cludes that the cause myasthenia found insufficiency 
the metabolic functions the liver. Only three cases our 
series, however, contain definite statement diseased con- 
dition this organ (cirrhosis, Raymond and Alquier, Boldt; 
Banti’s disease, Mohr). Sitsen records case which the pre- 
ponderance polynuclear leucocytes the capillaries the mus- 
cles and internal organs points leukemia. General lymphatic 
hyperplasia was present this case well that reported 
Sitsen includes this group all those cases which 
thymic hypertrophy has been recorded, and suggests that the causa- 
tive toxic agent myasthenia may arise the lymphatic system. 

would consume too much space discuss detail all the 
theories that have been propounded. general, may said that 
review the literature demonstrates the notable inconstancy 
the pathaological, anatomical anamnestic findings upon which 
they have been founded. Our case does not enable throw 
any additional light upon the question pathogenesis, but our 
findings seem warrant the following conclusions: 

Neoplasms thymic origin have been noted too frequently 
myasthenia gravis ignored possible etiological factor 
certain proportion the cases. our case unusual type 
tumor, hitherto undescribed this disease, present. 

While definite proof still lacking, seems most probable 
that the disease the manifestation toxemia indeterminate 
origin. 

The action the toxic agent not confined the muscular 
system, but the organism generally effected evidenced the 
widespread presence lymphocytic infiltrations throughout the 
body. 

Although degenerative changes are demonstrable either 
brain cord, the occurrence lymphocytic infiltrations the 
medulla, observed for the first time our case, indicates the in- 
volvement the central nervous system the general toxemia. 

The changes the muscle fibers are purely degenerative, the 
result the toxemia, and not dependent upon primary myositis. 
These degenerative lesions bear relation the site the lympho- 
cytic infiltrations. 
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study our specimens seems show that the lymphoid 
cells, wherever present the tissues, are derived from perivascular 
lymph spaces. 

conclusion desire express our thanks Dr. Strauss 
for his valuable assistance the study the nervous system. 


EXPLANATION PLATES XXI-XXIII 


Fic. long band lymphocytic infiltration the rectus muscle. 125. 

Fic. the psoas muscle showing the usual type lymphocytic 
infiltration. 250. 

Fic. cross section the deltoid muscle with several small capillaries 
surrounded dense infiltration. 250. 

Fic. cross section the longus colli muscle showing granular degen- 
eration, vacuolated cells and proliferation muscle nuclei. 500. 

Fic. From section the psoas muscle, showing proliferation the 
sarcolemma cells, and five cells with pyknotic nuclear changes. 500. 

Fic. From section the thymus tumor, showing the general type 
growth and numerous concentric bodies. 250. 

Fic. section the thymus tumor showing dilated lymph sinus filled 
with large, faintly-staining cells and small lymphocytic cells. The tumor cells 
are seen springing from the endothelium the sinus. 250. 

Fic. Longitudinal section capillary the thymus tumor. The cap- 
illary wall outlined dense collection lymphocytes situated the 
perivascular lymph bounded either side endothelium. The tumor 
cells have slightly shrunken away from the outer layer endothelium. 250. 

Fic. Transverse section capillaries the thymus tumor. Just outside 
the vascular endothelium mantle lymphocytic cells the perivascular 
lymph space. The tumor cells have retracted and show radial arrangement. 
250. 

Fic. 10. the adrenal showing large area lymphocytic 
infiltration near small artery. 250. 

Fic. 11. Longitudinal section capillary the gray matter near the tenth 
nucleus, showing lymphocytic infiltration the perivascular lymph space. 250. 

Fic. Transverse sections two capillaries the outer part the pyra- 
midal tract ventral the olivary body, showing the same lesion Fig. 11. 
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the completion the above paper, Chvostek (Wiener klinische 
Wochenschr., 1908, xxi, 37) has advanced the theory that myasthenia gravis 
dependent upon hypersecretion the parathyroid glands. bases his hy- 
pothesis upon the purely theoretical grounds that both tetany and myasthenia 
affect the neuromuscular system but are diametrically opposed their clinical 
manifestations, and, since tetany arises from hyposecretion the parathyroid 
glands, myasthenia must arise from hypersecretion these bodies. This 
theory cannot accepted without further investigation along these lines. 
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THE EFFECT PILOCARPINE THE OUTPUT 
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The lymphocytosis induced the blood pilocarpine phe- 
nomenon which has been turned the use many theories but 
has had, itself, little study. Horbaczewski (1891) (1) discov- 
ered that the drug increases the white cells. The finding helped 
him work out his idea the dependence uric acid excretion 
leukocyte destruction. Ruzicka (2) obtained profound leuko- 
cytosis rabbits the intravenous injection large doses 
pilocarpine. could not account for the rapid occurrence this 
result, but thought proliferation the tissues re- 
sponsible for its continuance. Waldstein (1893) (3), assuming 
that increase the mononuclear elements the blood would 
influence favorably the course some infectious diseases, gave 
small amounts pilocarpine intervals several days, and ob- 
tained result large, absolute lymphocytosis. Recently Lefmann 
(4) and Gasis (5) have repeated Waldstein’s experiments with 
rabbits, demonstration effect the Roentgen rays bring 
about quick disappearance the lymphocytosis. 

The evidence seems good that pilocarpine given small doses 
over considerable period time produces lymphocytosis abso- 
lute type. The immediate effect the drug cause (in 
rabbits) general increase the white cells, involving especially 
the lymphocytes. This result often cited example pos- 
sible chemiotactic influence the lymphocyte, but Harvey (6) has 
produced evidence prove due contraction the smooth 
muscle the lymph-glands and spleen. Unfortunately his work 
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based counts but one hundred cells each from blood smears. 
There have been other investigations the cause the quick 
change the blood picture. 

method adopted the author (7) for study the cell-output 
through the thoracic duct has given him opportunity note 
dogs the immediate effect pilocarpine this source the 
lymphocytes. brief, considerable quantities lymph cubic 
centimeters each specimen) are collected from the thoracic duct 
specially graduated tubes containing cubic centimeters per 
cent. sodium citrate solution 0.8 per cent. salt solution, and the 
white cells per cubic millimeter estimated from the mixture after 
has been thoroughly agitated. estimation accomplished 
with melangeur and counting-chamber the ordinary manner. 
The mixture lymph and sodium citrate solution not diluted, 
but the addition trace saturated aqueous solution 
methyl violet (5B) facilitates the counting. The accuracy this 
method cell-enumeration, and the slight variation the number 
cells per cubic millimeter lymph voided from the thoracic 
duct during the first two hours after the establishment lymph- 
fistula animal quiet under morphia and chloroform, have been 
shown the paper cited. The output cells whole becomes 
gradually less during this period, the amount lymph voided 
gradually lessens. 

The dogs used were given, one hour before operation, 0.5 centi- 
gram morphia sulphate per kilo body weight, and later chloro- 
form complete the anaesthesia. cannula was introduced di- 
rectly into the thoracic duct; the lymph allowed flow free; and, 
after the collection one more specimens, small dose pilo- 
carpine nitrate, dissolved few minims salt solution, was 
injected intravenously and further collection lymph made. 
every instance the action the drug was evident within the minute 
through increase the saliva. 

Since figures dealing with the effect pilocarpine the blood 
the dog are lacking, preliminary counts were obtained animals 
treated above outlined, except that lymph-fistula was pro- 
duced, and the only operation was that necessary give access 
the left, external jugular vein, into which the injections were made. 
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Throughout the term observation the animals were kept quiet 
under morphia and chloroform. each instance food was with- 
held during the twenty-four hours previous operation. Blood 
for the counts was obtained nicking with scissors small super- 
ficial veins the abdomen. The cover-glass preparations were 
stained with Wright’s stain, and for each differential count (of 
cells) least two smears were used. the table that 
follows the number both large and small mononuclear cells 
given. 


Experiment I—Bull-dog, female; wt. 16.5 kilo. 


Time. Procedure. Total Small mns. Large mns. Total per 
per cmm. per cmm. per cmm., per cmm. cmm. 
10:15 First count. 18,600 986 484 1,490 6,672,000 
10:45 Second 18,200 746 528 1,274 
10:50 nit. 20mg. 
intravenously. 
11:22 Third count. 24,900 1,619 896 2,515 6,960,000 
Experiment male; wt. kilo. 
Procedure. Total Small mns. Large mns. Total 
per cmm. per cmm. | per cmm. per cmm. 
9:48 First count. 6,400 749 179 928 
10:23 Second count. 9,720 846 136 982 
10:26 |Pil. nit. 
intravenously. 
11:13 Third count. 15,200 1,870 274 2,144 
Experiment male; wt. kilo. 
Time. Procedure. Total Large mns. Total mns. 
per cmm. per cmm., | per cmm, per cmm., 
10:30 First count. 959 429 1,388 
10:35 |Pil. nit. mg. 
intravenously. 
Second count. 2,170 499 2,669 
11:30 Third count. 2,280 684 


Generalization from these few observations hardly 
yet there seems ground suppose that pilocarpine, intravenously 
given, produces prompt, moderate increase the mononuclear 
cells, especially the lymphocytes, the blood the dog. Cer- 
tainly such extreme lymphocytosis takes place Harvey noted 
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the rabbit. leukocytosis affecting the polymorphonuclear ele- 
ments also made its appearance, but one cannot rule out the opera- 
tion itself sole cause this. the other hand, absolute 
increase the mononuclear cells, such occurs here, not char- 
acteristic the well-known leukocytosis due operation. The 
dependence the lymphocytosis pilocarpine injection indi- 
cated, furthermore, those two instances which repeated counts 
were made after the animal had been operated upon, but before the 
administration the drug. these counts the number lympho- 
cytes was found practically unvarying. 

The direct cell-output way the lymph was now studied 
according the method already described. may remarked 
passing that lymphocytes are alone present the dog’s lymph 
large number. (Delamere (8), Biedl and Decastello (9).) 

Experiment male; wt. 8.2 kilo. Food was withheld from the 
animal for hours previous experiment. The duct was opened, and the 
lymph allowed flow for minutes before the first specimen was collected. 
was pinkish, slightly opalescent, and time clotted the cannula. When 
one specimen had been obtained milligrams pilocarpine nitrate were 
injected into the left, external jugular vein. The respirations became 
for about one minute, after which they resumed their previous rhythm. 
lymph flowed faster and was nearly colorless. Five specimens were 
collected, then second injection pilocarpine (11 milligrams) given, and two 


more specimens obtained. cell-counts were made from the tubes the 
order their collection and hours following it. (See Chart 1.) 
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autopsy proved the animal have been sound. 

Experiment hound, male; wt. kilo. Food was withheld for 
hours previous the experiment. The lymph was opalescent. cannula 
was introduced into the duct after had been ligated minutes, and minutes 
prior the collection the first tube. Slight clotting the cannula 
necessitated twice the two hours the use hooked wire clean the bore. 
one instance the flow was momentarily interfered with. This happened 
interval when lymph was not collected, and with the return the flow 
minutes were allowed pass before another specimen was taken. The injec- 
tion the milligrams pilocarpine into the left, external jugular vein did 
not cause dyspncea movement. Two tubes lymph were collected during 
the hour following. Cell-counts were made the order collection speci- 
mens and hours after each had been obtained. (See Chart 2.) 


178000 


12000 24 
10000 

4000 


ao go 60 7° 400 «64280 


CHART 


The slow flow lymph suggested the presence accessory thoracic duct. 
Accordingly, the duct proper was ligated before the animal was killed, and, with 
the aid the natural injection, search made for branches the right side 
the neck. None connected with the thoracic duct receptaculum were found. 
The duct contained clot and was patent. 

Autopsy showed the animal have been sound. 

Experiment collie; wt. 18.5 kilo. Food was withheld for hours 
before operation. thoracic duct was opened after minutes ligation, and 
minutes allowed elapse before the collection lymph was begun. Once 
this interval the dog was partly roused tweaking the skin, that the lymph- 
system might flushed, through the quickened lymph-flow incident struggle, 
possible cell-accumulation its channels. the quiet following two 
tubes lymph were taken, and after this milligrams pilocarpine nitrate 
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injected into the left, external jugular vein. The lymph, previously opalescent, 
became for minutes quite milky, that fat ring developed standing. 
The animal remained quiet and the character its respirations did not change. 
Four more tubes were collected, then atropine sulphate, 0.6 milligrams, dissolved 
few minims normal salt solution, was injected into the left subclavian 
vein, and two more tubes taken. The drug caused almost immediate cessation 
bowel-noises, the flow salivary secretion stopped, and the lymph slackened 
markedly flow, and became clear and slightly blood-tinged. The subsequent 
injection milligrams pilocarpine nitrate did not quicken its flow. There 
was clotting the cannula any time. The tubes were counted the 
order their collection, and hours after it. (See Chart 3.) 

autopsy the animal was found have been sound. The thoracic duct 
showed branch leading the right side the neck. 
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The height above the base-line the curve representing amount lymph- 
flow indicates the number cubic centimeters voided through the thoracic duct 
given time; and the black rectangles show the period required collect 
the three cubic centimeters lymph each specimen. Thus the curve depicts 
two ways the rapidity lymph-flow. 

The results first injection pilocarpine these three ex- 
periments are very similar. well-defined increase the number 
white cells per cubic millimeter lymph 
brought about, also increase the total output cells. The 
effect fairly sustained, lasting one half one hour. quick- 
ening the lymph-flow also seen, but not enduring. 
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One questions immediately whether the large cell-output not 
corollary quickened lymph-flow. But comparison shows the two 
phenomena lie only rough time-relation. Furthermore, 
the following experiment demonstrates, pilocarpine will produce 
profound increase cell-output lymph-stream that varies little 
flow. The effect the drug not always that lympha- 
gogue (Heidenhain, Tschirwinsky (10), Spiro (11)). 


Experiment male; wt. 9.2 kilo. The animal was fed with 
beef hours before operation. The duct was opened after minutes 
ligation, and the lymph allowed run for minutes before the first speci- 
men was collected. was milky, and showed tendency any time clot 
the cannula. Two tubes were taken, and then milligrams pilocarpine 
nitrate injected into the left, external jugular vein. The animal continued 
quiet, and the breathing did not change rhythm, yet during the next min- 
utes the content fat the chyle was much increased, shown com- 
parison the fat-rings that formed the tubes after they had stood for 
some hours. The fluid that ran later resembled thin chalk and water. Six 
specimens were collected, second injection milligrams) given, and three 
more tubes obtained. Toward the close the experiment the breathing was 
slightly labored, and rhonchi could heard. The tubes were counted the 
order their collection, and hours after it. (See Chart 4.) 
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The autopsy showed the animal have been sound. 


this instance the effect the cells the first injection 
pilocarpine was outspoken, despite the nearly constant lymph-flow. 
The cell-increase was prompt here, Experiments IV, and 
all took place the ten minutes immediately after the 
injection. 

The actual increase cell-output interest indication 
the extent which contributions through the thoracic duct may 
responsible for the pilocarpine lymphocytosis. used 
for the work just presented moved voluntarily, were induced 
struggle, shortly before the experiment proper, rule out that 
accumulation the lymph-system mature cells, which has been 
observed occur the quiet animal (Goodall and Paton (12), 
Rous). But the rush into the circulation accumulated cells when 
pilocarpine acts animal previously quiet reckoned 
with effect the drug. The next experiment illustrates this. 

Experiment male; wt. kilo. food was given for 
prior the experiment. The animal was quiet for hour before the 
collection the first lymph-specimen which was taken minutes after the 
cpening the thoracic duct. This had been minute ligated. The slightly 
opalescent lymph showed tendency clot the cannula. After two tubes 
had been obtained milligrams pilocarpine nitrate were injected into 
the left, external jugular vein. The breathing immediately became somewhat 
and remained so. Five tubes lymph were taken, then second 
injection milligrams given, and four more tubes obtained. Cell-estimations 


were made the specimens the order their collection, and hours 
after it. (See Chart 5.) 


autopsy large mass tape-worms was found the small intestine. 
Otherwise the animal had been sound. The thoracic duct gave off branch 
the right side the neck. 


one neglect the action pilocarpine changing the fluid 
content the calculation possible the absolute increase 
lymphocytes per cubic millimeter blood which would have been 
caused such addition cells this.2 The increased flow 
lymph induced the drug can hardly supposed act real 
diluent, since new lymph-production and active secretion from the 
salivary and other glands tend drain the blood fluid. the 
basis that the dog, which weighed kilo, had 7.7 per cent. its 


After the administration pilocarpine the bulk white cells the lymph 
still one lymphocytes. 
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weight blood specific gravity 1.055, one may assume 
1,385 cubic centimeters the total volume blood. During the 
forty minutes following pilocarpine injection average 
400,000 more white cells were given off through the thoracic duct 
each five minutes than during the same period quiet,—or 
total excess over the normal outpouring 891,000,000 the 
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forty minutes, number sufficient have furnished each cubic 
millimeter blood with 643 lymphocytes over the normal supply. 

The absolute increase output lymphocytes through the 
thoracic duct was much smaller the other animals: enough 
Experiment have furnished 100 lymphocytes each cubic 
millimeter the dog’s blood; Experiment sufficient for 382 
per cubic millimeter; Experiment enough the short period 
observation give extra cells per cubic millimeter; Ex- 
periment VII enough for 146 extra cells per cubic millimeter. But 
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Experiment VIII alone had the animal lain quiet Experi- 
ments and III. these three the increase the circulating 
lymphocytes that took place the first thirty fifty minutes after 
pilocarpine injection was close 1,000 per cubic millimeter. 
output such that obtained, despite the unfavorable condition 
lymph-fistula, Experiment VIII, would account for more than 
half this lymphocytosis. 

The effect pilocarpine cell-output through the thoracic duct, 
here studied, probably dependent several factors: 

Lymph-Flow.—Others have proved that pilocar- 
pine often, though not always, acts lymphagogue. pre- 
vious paper has been shown that increase lymph-flow alone,— 
the factor invoked Ehrlich for the production quickly appear- 
ing indeed considerable influence in- 
crease cell-output through the thoracic duct. When condition 
bodily quiet has allowed accumulation cells the lymph-sys- 
tem the number flushed out with quickened lymph-stream may 
large, Experiment VIII. Yet that the increased cell-output 
but secondarily dependent this factor has been made clear. 

Dyspneic Breathing.—This frequently induced pilocar- 
pine (Cushny (13)). one only the five experiments was 
marked, though second was briefly present. its pump- 
ing action the great lymph-channels the trunk tends keep 
their contents motion (Starling (14)), and would hinder this 
way cell-accumulation. 

Contraction Smooth contracts the 
lumen the large lymph-vessels (Heinz (15)). Obviously 
result this narrowing very brief increase the amount 
lymph voided through the thoracic duct, and, this cell-contain- 
the total cell-output would also briefly increased. 

Harvey believes that contraction the smooth muscle lymph- 
glands and spleen entirely responsible for the lymphocytosis 
observed follow pilocarpine injections rabbits. bases his 
conclusion principally the fact that atropine prevents the occur- 
rence this lymphocytosis, whereas does not hinder the occur- 
rence that which found barium chloride produce. 

Whatever may said the effect barium chloride the 
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blood, certain that Harvey’s atropine-pilocarpine experiments 
admit second interpretation regards the process taking place 
the lymph-system. For well-known (Spiro, Tschirwinsky) 
that atropine slows the lymph-flow strikingly, even though com- 
paratively large doses pilocarpine given. Its action this 
way antagonistic the increase cell-output through the tho- 
racic duct; for matter some force liberated cells from the 
lymph-glands, the stagnant current would prove but poor medium 
for their transport. illustration the effect atropine Experi- 
ment may pointed out. Given shortly after pilocarpine, 
immediately reduced lymph-flow and cell-output less than they 
had been previous the administration either The fol- 
lowing experiment furnishes further illustration: 

Experiment male; wt. kilo. food was allowed 
for hours previous the experiment. The thoracic duct was opened 
after minutes ligation, and the lymph ran free during minutes before 
collection was begun. was clear and time clotted the cannula. .Two 


specimens were taken establish the facts output, then 1.2 milligrams 
atropine sulphate few minims salt solution were injected into the left, 
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jugular vein, and, with decreased lymph-flow manifest, two more 
specimens obtained. The animal remained quiet. Fifteen milligrams pilo- 
carpine nitrate were now injected into the left, external jugular vein, causing 
momentary flow saliva, few movements the chest, and 
twitching the limbs, all which ceased within the minute. other changes 
the animal’s condition were noted. Five more tubes lymph were obtained. 
Cell-counts were made the order tube-collection, and from hours 
after it. (See Chart 6.) 


Autopsy showed the animal have been healthy. There were many tape- 
worms the large intestine. 


this instance atropine reduced the lymph-output one third 
its previous quantity, and cell-output way the lymph much 
less than raised the lymph- and cell-output again, 
but not their rate previous atropinization. impossible 
say that the changes cell-output are not wholly dependent 
those lymph-flow. Similarly, the profound fall cell-output 
brought about Experiment atropine may due nothing 
else than lessened lymph-flow. seek further factor unnec- 
essary. 

Yet some action pilocarpine further cell-output, other than 
those increased lymph-flow and breathing, certainly 
present. Stimulation the lymph-glands productive activity 
cannot responsible, since the increase cell-output occurs prac- 
tically once. Were chemiotaxis factor, Gulland (16) be- 
lieves, second injection pilocarpine ought influence cell- 
output. But instances (Experiments VI) second injec- 
tion show have practically effect. Contraction smooth 
muscle must further considered. 

has been demonstrated, the effect atropine the lympho- 
cytosis pilocarpine neither for nor against its origin smooth 
muscle contraction. That direct pressure (such this contraction 
would bring about) may increase the cell-output the lymph 
highly probable, since the pressure exerted quickened lymph- 
flow will increase it. this connection noteworthy that pilo- 
carpine may render briefly chylous lymph previously opalescent, 
may, during short period, increase the fat one already milky 
(Experiments and VII). the absorption fat from 
the intestine for brief time aided the pilocarpine, larger 
proportion intestinal lymph the lymph” the tho- 
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racic duct causes the latter appear more chylous. The active 
movements the intestine brought about the drug, associa- 
tion with Heidenhain’s observation that much lymph may 
squeezed out the lacteals direct pressure loop the gut, 
makes this latter supposition probable; while the fact that the in- 
crease fat the lymph” appears abruptly and tran- 
sient speaks against the idea increase absorption. Now, 
well known, the intestines and mesentery form the area 
lymph-supply richest lymph nodes and lymphoid tissue; and 
pressure changes this area, taking place through contraction 
the smooth muscle, may well supposed increase the output 
white cells through the thoracic duct. 


SUMMARY. 


The intravenous injection pilocarpine nitrate causes the dog 
rapid and considerable increase the output lymphocytes 
through the thoracic duct. The corresponding lymphocytosis in- 
duced the drug the blood this animal not profound, and 
increased cell-output with the lymph will explain large part not 

Quickened lymph-flow and breathing are accessory 
the production the large cell-output with the lymph, but 
mainly dependent some undetermined element. The evidence 
points the mechanical nature this element. probably 
sought direct pressure from contraction smooth muscle, 
suggested Harvey, but his observation that atropine prevents the 
appearance lymphocytosis after pilocarpine cannot quoted 
proof because atropine much slows the lymph-flow, and thus 
decreases cell-output. 

These findings are accord with the theory that makes mechan- 
ical factors responsible for rapidly appearing lymphocytosis. They 
show that there are more such factors than has been supposed. 
Especially they indicate that the contribution cells through 
the thoracic duct may important the production lympho- 
cytosis, and not, often asserted, subsidiary direct migra- 
tion into the blood cells from spleen, bone-marrow and the lymph- 
glands. 
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THE ENZYMES FIBRIN.! 


BERTHA BARKER. 
(From the Rockefeller Institute for Medical Research, New York.) 


The cells inflammatory exudates contain two enzymes, one 
active alkaline, the other acid medium; the first belong- 
ing the polynuclear leucocytes, and the second the mononu- 
clear phagocytes (1). The present work attempt deter- 
mine whether there resemblance between the enzymes fibrin 
and those inflammatory exudates their behavior toward acid 
and alkali. 

Fibrin has been long classed among the changed proteids, one 
the chief characteristics which insolubility, and yet nearly 
century ago was observed Arnold and Berzélius (quoted 
Arthus (2) and also Dastre (3)) that fibrin was soluble 
the presence ammonium chloride. Later experimenters, especi- 
ally Denis (4) 1838, and Limbourg (5) 1889, investigated 
many salts, including sodium chloride (Denis, Hammarsten (6), 
Green (7), Limbourg, Rulot (8)), sodium sulphate (Denis, Lim- 
potassium potassium iodide, sodium iodide, potas- 
sium bromide, ammonium nitrate, ammonium sulphate, magnesium 
sulphate (Limbourg), potassium nitrate (Denis, Zimmermann (9), 
Limbourg), calcium sulphate (Green), and aqueous solutions 
sodium fluoride (Arthus, Dastre, Rulot). Fibrin was found 
soluble solutions nearly all these salts, though some more 
readily than others. 

The most extended investigation the action acids was made 
Fermi (10). tested the effect hydrochloric, sulphuric 
and nitric acid five per cent. solutions, and lactic, citric, acetic, 
butyric, oxalic, malic and formic acids one per cent. solutions. 
All had solvent effect, hydrochloric being strongest, 
sulphuric, acetic and butyric weakest. Incidentally allowed 

*Received for publication January 10, 1908. 
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fibrin stand water, and found dissolved, but importance 
apparently was attached this fact. 

five per cent. solution sodium hydroxide, was tested 
Deutschmann (11). This dissolved the fibrin certain small 
animals, such guinea-pigs, rats, mice, less than hour; 
the larger animals, namely, dog, cat, pig, ox, and man, several 
hours. fact, unless the fibrin was previously heated boiling, 
all these substances, neutral salts, acids, alkalis, dissolved with 
varying degrees ease. Warmth was found favor the action, 
while low temperature retarded but did not prevent it. These 
facts suggest the action enzyme, but this conception has been 
years developing; the earlier investigators accepted the phenom- 
enon simple solution, the effect salt fibrin. 

The species the animal was found effect the ease solution 
the fibrin. Zimmermann, 1846, reported that the fibrin 
the and calf was insoluble, while that man was soluble with 
difficulty. Deutschmann found the fibrin the smaller animals 
more quickly soluble than that the larger. who experi- 
mented with the fibrin the pig, sheep and horse found that the 
pig’s fibrin dissolved most easily, the calf’s with most difficulty, 
while fibrin the horse and fibrin the sheep were intermediate. 

The view that simple solution fibrin occurs the presence 
various substances has had many supporters, even within 
few years. Evidence which weakened this theory was afforded 
analysis the resulting solution: two coagulable proteids were 
found Green, one coagulating about 56° and the second 
about 60° Other investigators (Hasebroek (12), Herrmann 
(13), and Limbourg) found the coagulating point the second 
product nearer 75° C., but agreed with Green upon the con- 
stant occurrence these two products result the solution 
fibrin. Limbourg, 1889, and Fermi, 1891, found third 
substance non-coagulable and giving the biuret reaction. Lim- 
bourg proved peptone. 1894, Dastre again called 
attention the formation this third product, soluble proteid, 
incoagulable heat, and shown the biuret test after the removal 
heat coagulation the two coagulable proteids previously men- 
tioned. Dastre found this third product consist pro-peptones 
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and peptones, and its presence caused him consider the disap- 
pearance the fibrin chemical alteration, true digestion, and 
suggest once more the possibility soluble ferment either 
derived from the blood and adhering the fibrin, such pepsin 
trypsin (the two latter being the only two soluble proteolytic 
ferments generally known that time) introduced into 
putrefactive organisms. 

Many believed that the decomposition fibrin was due the 
putrefactive organisms, but this possibility was disproved Green 
(9), who conducted his experiments temperature only little 
above freezing, and ten per cent. sodium chloride solution, too 
strong solution favor the putrefactive organism; and Dastre, 
who took every precaution exclude and used 
fifteen per cent. sodium chloride solution and two per cent. sodium 
fluoride solution. Other observers have prevented development 
microorganisms variety substances, such chloroform, 
alcohol, phenol, ether, thymol, hydrocyanic acid and toluol. 

Putrefactive organisms being excluded, possible enzyme was 
still found. discredits the idea that pepsin present 
amount sufficient digest fibrin, for otherwise pepsin could 
always found considerable quantities the blood, and its 
presence cannot demonstrated. Moreover, pepsin must act 
acid medium; two per cent. sodium hydroxide destroys pepsin, 
but dissolves fibrin. Neither, Dastre adds, can trypsin, be- 
cause trypsin breaks down fibrin into true peptones, with forma- 
tion tyrosin; but matter how long fibrin remains salt solu- 
tion, tyrosin produced. 

Though Friedrich (14) had demonstrated 1888 the 
presence proteolytic enzyme the leucocytes, its part the 
solution fibrin was not investigated until Rulot proved 1904 
that the digestion fibrin was caused leucocytes imprisoned 
the meshes fibrin. work particularly satisfactory 
leucocytes, and measure the results digestion, not macro- 
scopically, but more accurately, the Kjeldahl determination 
nitrogen. order get pure fibrin, free from leucocytes, 
used two methods. one prevented the clotting the blood 
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the addition sufficient concentrated salt solution make the 
whole volume blood four per cent. solution sodium chloride. 
The blood was allowed settle and the supernatant plasma was 
pipetted off and filtered. When diluted about four times its 
volume with water about 50° C., fibrin was formed. the 
second method obtaining pure fibrin coagulation was prevented 
injecting solution pro-peptone into the external jugular 
vein; from the plasma after centrifugalization and filtration, fibrin 
was formed current carbon dioxide. This pure fibrin was 
very nearly insoluble saline solutions, but the same fibrin taken 
from unfiltered plasma and having added the superficial layer 
corpuscles, containing great numbers leucocytes, digested rap- 
idly, with the formation peptones and pro-peptones, which were 
rarely found after the very slight solution taking place with pure 
fibrin. 

Rulot’s work has well established the fact that disappearance 
fibrin salt solutions due the action proteolytic en- 
zyme present the leucocytes, that the present work devoted 
study the effect acid and alkali the digestion fibrin, 
with view testing the identity the enzyme enzymes present 
with those already demonstrated the leucocytes inflammatory 
exudates. 

Methods.—The methods used have been solution 
fibrin, observed macroscopic examination fibrin suspended 
acetic acid and sodium carbonate concentration from 0.1 
per cent. five per cent., and neutral solutions. Macroscopic 
evidences the progress solution are the disappearance the 
fibrin, the turbidity and final clearing the solution, though the 
last two factors are slight importance. The time required for 
the solution fibrin rough indication the activity self- 
digestion. The presence peptones albumoses solution was 
shown the buiret test, after the removal the coagulable pro- 
teids precipitation with trichlor-acetic acid and filtration, the 
alkaline solutions being neutralized before the addition the acid. 

The second method, which far more reliable, the determina- 
tion the Kjeldahl method the nitrogen soluble incoagulable 
substances formed from fibrin. This method was used first 
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measure the degree autolysis fibrin alone. The small figures 
representing nitrogen incoagulable substances obtained after solu- 
tion fibrin were apparently due the limited amount proteid 
(fibrin) upon which the enzyme might act. gain idea 
what the enzyme was capable, was thought desirable furnish 
additional proteid, such heated serum, which proteolytic enzyme 
could attack. The figures obtained were much greater than with 
fibrin alone. 

Fibrin was prepared the ordinary way, whipping freshly 
drawn blood. fibrin was then washed with running water for 
several hours and dried squeezing sterile gauze. the 
macroscopic study solution, 0.1 gram fibrin was added each 
test-tube which the total volume liquid was five cubic centi- 
meters, and incubated for four days temperature 37° 

For the experiments which digestion was measured the 
Kjeldahl method, 0.3 gram fibrin was added flasks, each 
which contained total volume twenty-five cubic centimeters, 
five cubic centimeters heated serum, acetic acid sodium car- 
bonate varying from 0.2 five per cent. and sodium chloride solu- 
tion (0.85 per cent.) make the required volume. These flasks 
were then incubated for five days 37° C.; the contents was coagu- 
lated heating the water bath, after addition magnesium 
sulphate and acidifying with one per cent. acetic acid solution. 
The contents the flask were neutralized one per cent. sodium 
hydroxide solution, and brought the boiling point over the flame. 
The incoagulable proteid was then filtered directly into Kjeldahl 
flasks, the coagulum being washed repeatedly, digested with sul- 
phuric acid and distilled. The amount nitrogen expressed 
cubic centimeters sulphuric acid. 

Fibrin dissolved considerable degree all strengths alkali 
(sodium carbonate) from five per cent., the buiret reaction 
being more marked after solution the lower strengths from 
0.5 per cent. 

acetic acid, fibrin dissolved somewhat strengths from 
four per cent., very little, all, five per cent. solution. 
The biuret reaction after coagulation with trichlor-acetic acid, was 
more marked the weakest acid, that is, from 0.1 0.4 per cent. 
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The strongest buiret reactions were obtained when fibrin was 
incubated neutral media and 0.1 and 0.2 per cent. solu- 
tions carbonate. The biuret test was not always strongest when 
the disappearance fibrin had been greatest, though this relation 
existed rule. Observation solution, with the biuret test 
measure incoagulable proteid, was very unsatisfactory. The 
nitrogen determinations the Kjeldahl method gave far more 
decisive results. 

proof the fact that the enzyme fibrin acts foreign 
proteid well fibrin itself after incubation 37° during 
five days, the following experiments are given, the amount nitro- 
gen the incoagulable proteid being expressed cubic centimeters 

TABLE 


The action acid and alkali fibrin alone, and fibrin heated serum. 


Acetic acid. Sodium carbonate. 
Neu 
per cent. percent | percent, per cent,| percent, | percent. 

0.35 1.35 1.6 2.55 2.9 
Fibrin eee \ b 0.9 es | gil mre 5.45 2.6 3.5 3-4 


Figures obtained when fibrin undergoes autolysis are much less 
than those obtained with fibrin and serum; the excess referable 
decomposition proteid the serum. 


TABLE 


Fibrin heated serum, presence sodium carbonate. 


Sodium carbonate. 


Control. Neutral. 
0.2 0.5 I 2 5 

per cent. per cent, per cent. per cent. per cent. 
2.00 16.35 14.1 2.8 3-25 
1.95 15.70 1.95 2.6 3.5 
2.35 18.65 20.35 4.8 4.2 12.15 7.85 
2.05 9.65 2.9 3.9 6.25 
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Digestion Caused Fibrin the Presence Alkaline Me- 
dium.—The following table shows the action fibrin heated 
serum, the presence alkaline medium. 

These nitrogen determinations show that whatever strength 
carbonate digestion proceeds, there always some production 
incoagulable proteid. Experiments and were performed 
with the same fibrin and serum; Experiment digestion was 
stopped the end twenty-four hours, while Experiment 
was allowed continue for five days, the period allowed for 
digestion the other experiments. Judged the macroscopic 
disappearance the fibrin and the clearness the solution there 
was about much proteolysis the end twenty-four hours 
the end five days, while the Kjeldahl method showed de- 
cided increase after the longer period. 

While the majority experiments digestion 0.2 per cent. 
carbonate has been greater approximately equal that neutral 
solution, several experiments digestion occurs the 0.2 per 
cent. carbonate, though digestion neutral solution has been active. 
has not been possible explain these exceptions. The same 
divergence found the following experiments, which (save 
the last) washed polynuclear leucocytes from sterile pus pro- 
duced repeated intrapleural injection turpentine, have acted 
upon heated blood serum. the last experiment leucocytes were 
obtained from abscess produced subcutaneous injection 
turpentine. 


TABLE III. 
Cells from purulent exudates heated serum. 
Neutral solution. per cent. carbonate. 

2.6 15.00 7.75 
2.2 13.95 4.8 
2.65 14.95 13.75 
3.2 22.75 27.95 
3-55 19.35 21.35 
15.95 20.9 
3.45 16.25 22.45 


The foregoing experiments with fibrin (Tables and demon- 
strate the presence enzyme which acts either upon fibrin 
upon foreign proteids, such those heated blood serum, the 
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presence neutral very weakly alkaline reaction. strength 
alkali greater than 0.2 per cent. sodium carbonate unfavorable 
the action this enzyme and inhibits it. increasing the 
strength alkali from two three per cent. sodium carbonate 
there increase incoagulable nitrogen-containing substances 
which doubtless are not referable enzyme action, and perhaps 
are formed action the stronger alkali upon proteid. Incom- 
plete coagulation the presence large quantity sodium car- 
bonate, which accurately neutralized with difficulty, may explain 
part the increase nitrogen obtained the presence the 
higher percentages alkali. 

Digestion the Presence amount nitrogen 
produced autolysis fibrin the presence acetic acid given 
the following table. 


Autolysis fibrin, presence acetic acid. 


Acetic acid. 


o.2per cent,| 0.5 per cent.| 1 per cent. 2 per cent. er cent. | 5 p 5 percent. 
0.75 4.2 2.65 2.05 1.95 


The table does not give evidence that ferment capable digest- 
ing the presence weak acid present any considerable 
amount. two experiments solution with acid was greatest 
the presence 0.2 per cent. acetic acid and may have been refer- 
able enzyme action. The figures obtained are small that 
definite conclusions are not possible. 


TABLE 


Control. 

0.2 0.5 1.0 2.0 3-5 5.0 
per cent. per cent. per cent. per cent. per cent. per cent. 
1.6 23.00 9.5 12.2 13.65 8.55 
2.35 18.65 5.8 7.30 8.15 4.50 

2.3 4.0 3-95 3-95 4.05 3-55 

21.65 8.2 10.00 8.75 
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the following experiments fibrin was allowed act upon 
heated serum the presence acid. Since the figures thus ob- 
tained are much greater than those with autolysis alone, must 
assumed that the proteid the serum has been decomposed. 

The mononuclear cells inflammatory exudate contain 
enzyme which digests proteid the presence weak acid and fails 
digest the presence alkaline reaction. The following 
experiment, which fibrin was obtained from the pleural cavity 
six days after the injection turpentine, shows the behavior 
this enzyme the presence various strengths sodium car- 
bonate and acetic acid; this time the enzyme the polynuclear 
leucocytes has disappeared from the fibrinous exudate (1). 


TABLE VI. 


Action fibrin inflammatory exudate heated blood serum presence 
acid and alkali. 


Acetic acid. Sodium carbonate. 
5.0 3-5 2.0 0.2 0.2 0.5 | I 
7 per cent. | percent.| percent. | percent. | pcr eent. per cent. | per cent.| percent. 


Enzyme digesting alkali (leucoprotease) present (Table 
all, very small amount, but the enzyme (lymphopro- 
tease), which digests acid, active. The experiment suggests 
that this enzyme digests well the presence neutral medium. 
This fact may explain some the discrepancies previously noted 
(Table II). 

Table shows that the enzyme fibrin the inflammatory 
exudate, which active 0.2 and 0.5 per cent. acetic acid, 
almost completely inhibited two per cent. acid. The higher 
figures obtained with greater strength acid are probably refer- 
able direct action the acid upon the proteid used, incom- 
plete coagulation the result inaccurate neutralization. all 
the experiments with fibrin the blood figures obtained with 
0.2 per cent. acid are considerably greater than those the 
control. That enzyme fibrin which acts alkaline medium 
identical, has been shown, with leucoprotease obtained from 
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ploynuclear leucocytes inflammatory exudate. But since 
leucoprotease when obtained treatment leucocytes with alcohol 
and ether fails cause digestion the presence acid, that 
digestion which occurs with fibrin blood the presence acid 
explained assuming the presence second enzyme. 

When fibrin blood acts heated serum the presence 
acetic acid, increasing the strength the acid produces corres- 
ponding increase the amount nitrogen (Table V), the maxi- 
mum, rule, being reached with two per cent. concentration 
acetic acid. Further increase causes inhibition formation 
incoagulable nitrogen containing substances. This maximum 
digestion two per cent. acid has not been observed with the 
enzyme the inflammatory exudate, and not explained the 
available data. 

test further whether the amount proteid disintegration 
obtained was due the enzyme action, merely the action 
the acid the proteid, the effect unheated fibrin and fibrin 
heated 100° upon heated serum was tested, and for further 
comparison the action acid alone heated serum. 


TABLE VII. 


Control experiments. 


Acetic acid. 
per per per per per per 
cent. cent. cent. cent. cent, cent. 
Unheated fibrin heated serum. 3.95 4.6 
Heated serum. 1.65 2.4 
Unheated fibrin heated serum. 10.95 8.75 7.15 


The experiments with the heated and unheated fibrin show 
greater production incoagulable nitrogen when the enzyme has 
not been destroyed heating, while those with heated serum sug- 
gest that the acid itself strength from two five per cent. 
causes disintegration fibrin and proteid, increasing with the 
strength the acid. 
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There present fibrin enzyme which 
acts neutral and slightly better alkaline medium, thus 
resembling the enzyme present the polynuclear leucocytes ob- 
tained from inflammatory exudate. This enzyme acts not only 
fibrin, causing autolysis, but upon foreign proteid (coagulated 
blood serum) well. The action this enzyme inhibited 
increasing the strength the alkali above 0.2 per cent. sodium 
carbonate. 

(b) Fibrin contains enzyme which acts the presence 
weak acid. This enzyme acts upon foreign proteid well upon 
fibrin itself and probably identical with the similar enzyme which 
occurs the large mononuclear cells inflammatory exudate. 


wish acknowledge indebtedness Dr. Opie for suggest- 
ing this problem me, and for his assistance and oversight during 
the course the work. 
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BONE FORMATION SCLEROTIC ARTERIES.* 


LEO BUERGER ADELE OPPENHEIMER. 


(From the Pathological Laboratory, Mt. Sinai Hospital, New York.) 


XXIV XXV. 


recent years number papers have appeared tending 
show that the formation bone arteries not rare has 
been generally supposed. the large vessels six cases arterio- 
sclerosis, was able find sixteen osseous foci. The 
older literature seems indicate that the aorta and heart valves 
are the favorite sites for ossifying processes the cardio-vascular 
system. Monckeberg’s contribution, however, has clearly demon- 
strated that not only the aorta, but also vessels the extremities, 
such the femoral, the anterior and posterior tibial arteries may 
not infrequently involved. 

While engaged study the pathology vessels gangrene 
the lower extremities, encountered rather extensive areas 
ossification the arteries two limbs, both obtained from patients 
afflicted with advanced arteriosclerosis. wish record the 
histological features presented one the cases, point out 
how these differ from what has been observed other authors and 
discuss brief the theories that have been advanced expla- 
nation heteroplastic bone formation. 

Our case was particularly interesting because the large number 
bony plaques and because many the larger arteries the 
extremity were affected. Either true bone osteoid tissue was 
found distributed throughout their length the following 
the anterior and posterior tibial, the peroneal, and the plantar; 
short, all the five vessels examined except the dorsalis 
perusal the literature failed reveal any record bone for- 

Received for publication February 18, 1908. 

*We are unable state the extent the areas ossification because 


made serial sections; but one instance, was seen longitudinal section, 
the osteoid patch extended the entire length the piece, namely, mm. 
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mation either the plantar peroneal vessels and our case seems 
therefore unique the distribution the lesions. 

The arteries removed for examination were dissected out con- 
tinuity from the limb. The macroscopic lesions interest may 
embodied brief description the extremity, follows: The 
left leg has been amputated cm. above the knee joint. The 
second toe greenish black, dry and mummified. the inner 
side the big toe large bulla filled with serum and blood. The 
anterior tibial artery shows typical changes arteriosclerosis 
various stages; numerous patches atheroma, white areas 
thickened intima and calcification. places there large accu- 
mulation atheromatous tissue which presents itself section 
crescentic obturating mass and leaves but small portion 
the lumen the vessels patent. The dorsalis pedis artery simi- 
larly affected. The posterior tibial and peroneal arteries are also 
sclerotic; some parts they are patent, others filled recent 
thrombi. The plantar arteries are the pipe-stem variety. 
lesions, short, are those advanced arteriosclerosis with cal- 
cification. 

number pieces were removed for histological study from 
each the following arteries: anterior and posterior tibial, dor- 
salis pedis, peroneal and plantar. The tissues were decalcified with 
per cent. nitric acid the usual way, imbedded celloidin and 
stained with hematoxylin, with hematoxylin and eosin, Van 
Giesen’s method, with Unna’s polychrome methylene blue, with 
orcein, and with Weigert’s elastic tissue stain. Special methods 
were employed the search for hemosiderin and amyloid 

Before describing the histologic picture may call particular 
attention not only the identity location the ossifying process 
the various arteries, but also the uniformity the structure 
different situations. Osseous and osteoid tissue were only dis- 
covered the middle coat; and the process bone formation 
showed but slight variations from fixed type. will therefore 
discuss detail the most common appearances, namely those ex- 
emplified many the sections the posterior tibial artery, and 


*The test for amyloid proved negative; that the presence amyloid, 
which has been pointed out Poscharissky important, does not seem our 
case essential ossification. 
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only mention brief any deviations peculiarities encountered 
elsewhere. 

Histology.—The most striking pathological changes may clas- 
sified under the following groups: (1) the lesions arterio- 
sclerosis; (2) the lesions dependent upon thrombosis; (3) the 
lesions belonging the ossifying process. 

The Lesions arteriosclerotic changes 
involve both the intima and media. the intima find the usual 
proliferative process, varying considerably degree the same 
and different vessels. Wherever the lesions are advanced, de- 
generation and atheroma are also seen. The media almost 
all the vessels the site calcific deposits, either the shape 
lime plates which occupy large part the circumference the 
artery, the form irregular nodular plaques representing cal- 
cified atheromatous areas, diffuse infiltration the media 
with lime salts (see Fig. 1). 

Thrombosis-—Thrombosis with vascularization and connec- 
tive tissue proliferation the clot seen the posterior tibial (see 
Fig. 1). The various stages organization are well represented 
different situations along the course the artery; some places 
there very recent thrombosis, others the lumen the vessel 
obliterated well-organized, canalized tissue. 

The Ossifying occurs only the media, and 
for the most part the presence lime (see Fig. 
deposits and young connective tissue appear the sine qua non 
for the genesis bony proliferation; see the lime and connec- 
tive tissue intimately associated with the process bone formation 
all the specimens studied (see Fig. 2). 

Occupying large portion the media, the form arc- 
like band, varying considerably thickness and extent, find 
zone young connective tissue. This composed numerous 
capillaries, spindle-shaped cells, lymphoid cells and small amount 
fibrillar substance. apparently invades, destroys and replaces 
the muscle fibers. Evidence the disintegration and substitution 
the musculature furnished degenerate muscle cells without 
nuclei, nuclei which fail stain, and reactive changes 
the part the muscle. These last are multiplication the nuclei, 
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the formation muscle giant cells and the conversion many 
muscular elements into strands connective tissue. 

The young vascular fibrous tissue communicates frequent in- 
tervals with the adventitia means well developed smaller 
larger capillaries. These penetrate the media obliquely cross- 
sections the arteries and are often seen surrounded few 
round and spindle-shaped cells. regards the constitution the 
young connective tissue certain variations may observed; the 
differences are mainly the vascularity, density fibrous nature, 
and the presence lymphoid round cells. Wherever the 
process old one are apt encounter tissue rich fibrous 
elements, and this sometimes the vicinity well developed and 
maturing bony tissue; the other hand, there are many areas 
made round cells infiltrating the media streaks, larger, 
broader conglomerations which probably represent very early stages 
the origin the connective tissue above described. 

The Osseous and Osteoid the young connective 
tissue comes into contact with lime plaque conversion por- 
tion the latter into osteoid tissue sometimes occurs. Thus 
find large portions some the lime plaques altered into homo- 
geneous substance which stains well with eosin and which few 
moderate number nucleated elements are included. 
most frequently seen along the outer margins and extremities 
the calcareous plaques narrow strip bordering plate 
lime peninsular projection capping calcareous plate (see 
Close scrutiny makes evident that this new tissue always 
substitutes area previously occupied lime, other words, 
resents transformation part lime plaque into peculiar 
new substance—the ground substance bone. very sharp, 
notched line with the concavities toward the ground substance 
the bone separates this from the lime. the other side there 
connective tissue varying somewhat its architecture. 
such places, then, that deposition osteoid tissue occurs pari 
with absorption erosion the calcified media. 

All the stages from the youngest variety osteoid tissue 
true bone can traced the sections. Where the process re- 
cent, the number included cells small; the nuclei the cells 
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are large, and signs compression, shrinkage and alteration 
cellular outline are not manifest. the older types see 
gradual change into true bone corpuscles. Between the young and 
the old variety interesting series cytomorphic changes may 
seen. The ground substance, too, although for the most part 
the type, shows varying degrees calcification, and 
places practically indistinguishable from true bone matrix. 

That side the osteoid osseous patch which opposed 
the lime plate applied directly the osteogenetic connective tis- 
sue. Nowhere, however, are typical osteoblasts found; 
place these there are flattened endothelial cells, larger ele- 
ments the fibroblast type. Such cells are actively engaged 
double process, one, bone resorption, another, the deposition 
either bone matrix osteoid substance. 

The Process Resorption Calcific 
calcific material evidently essential stage the production 
bony tissue and effected main the action giant cells and 
the young connective tissue cells themselves (see Figs. and 5). 
That still another modus can play this process seen 
number places where capillaries appear empty their contents 
along one margin lime plate. such places, notched 
border bears testimony the fact that resorption taking place. 
Sometimes large blood sinuses adjoin the lime plates, particularly 
where marrow spaces are being formed (see Figs. and 4). 

This resorptive metamorphosis usually accompanied depo- 
sition osteoid tissue, corresponding extent and conformation 
the areas previously occupied lime (see Fig. 3). Here and 
there, however, large bays have been produced the ends lime 
plates the invasion young connective tissue without any ves- 
tige osteoid osseous tissue (see Fig. 5), and the old site 
the lime plates may occupied the persisting young connective 
tissue the marrow cavities which are being formed. 

The most advanced resorptive changes—and with these the most 
marked osteoplasia—occur the extremities the lime plates. 
Here the connective tissue cells lying concavities notches 
the lime patches seem invade and cause the disappearance the 
calcific material. When band osteoid tissue intervenes between 
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osteogenetic connective tissue and the lime plate, the same resorp- 
tion takes place except that goes hand hand with deposition 
osteoid substance. such areas that the wide sphere 
influence exerted the osteogenetic tissue becomes notable. Sep- 
arated from the lime newly deposited ground substance, the 
cellular elements still manifest their power inducing active 
resorption. 

The Formation Marrow the transformation 
the lime plates into osteoid osseous tissue has evidently been 
long duration, and where the bone matrix include 
larger smaller areas young connective tissue, there may 
speak the production marrow spaces. such places the con- 
nective tissue usually shows large dilated capillaries 
sinuses. The former are filled with blood, but show 
marrow cells. The latter adjoin eroded lime plates lie between 
such plates and bands osteoid tissue. They contain red and 
white blood cells and few giant cells resembling osteoclasts. The 
picture presented gives the impression unfinished stage 
production bone marrow. However the elements true bone 
marrow are absent; and have here rather the result the inclu- 
sion osteogenetic connective tissue between bony trabeculz than 
the primary production true marrow. 

Giant cells various types are found scattered 
throughout the media the latter shows invasion young 
connective tissue. Usually they lie concavities the lime 
plaques which they are apparently engaged resorbing. Others 
are seen where there lime and still others where there 
very faint pulverous infiltration with calcium salts. rule they 
have rather large irregularly shaped bodies which stain well with 
eosin, and show small ovoid nuclei situated either centrally scat- 
tered without definite arrangement throughout the cell body. Here 
and there giant cell bizarre form appears almost con- 
tinuation lime spicule; for the line demarcation between 
calcium and body the cell incomplete (see Fig. 5). Such cells 
remind one osteoid tissue. Some the giant cells have very 
long bodies that seem adapted the concavities the lime 
plates which they lie. 
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Variations Histological very few sections showed 
the following deviations from the usual type above described: the 
construction Haversian canals, the formation osteoid tissue 
modification the collagenous fibrils, and finally small areas 
resembling embryonic cartilage. 

Fig. shows longitudinal section the posterior tibial artery 
with one complete Haversian canal, another the making. Here, 
too, there are indications concentric disposition the bone 
cells, and the apposition new bone the normal fashion. 

number specimens exemplified more unusual type 
osteogenesis transformation connective possible degenerate 
muscle fibers adjoining lime plaque into strands bone matrix. 
This may seen Fig. where tongue-like process osteoid 
tissue has its origin fibrous tissue quite independent the neigh- 
boring calcific patch. too, the young ossifying connective 
tissue plays for can traced directly into the newly 
formed matrix, whose production evidently engaged. 

Finally, interesting foci cartilage similar the embryonal 
type were found the plantar arteries. Such areas replace cal- 
cified atheromatous nodules and are made large polygonal 
spheroidal cells, times grouped twos fours, times the 
shape larger conglomerations cells with varying amount 
intercellular substances. Cells not unlike these were seen cal- 
cified atheromatous patches and the extremities calcified 
plaques other arteries. Such cells are usually surrounded 
well-defined, somewhat refractile layer; and now and again appear 
take part laying down homogeneous substance similar the 
usual osteoid matrix. 

Summarizing our anatomical findings may say that are 
dealing with exquisite example extensive bone formation 
practically all the larger arteries the lower extremity; that 
the process evoked the media the activity young con- 
nective tissue, the original elements which apparently have 
migrated from the adventitia the shape vascular sprouts; and 
that where the proliferating connective tissue comes into contact 
with calcium salts, either true osteoid tissue true bone elabo- 
rated. The osteoid tissue arises manner analogous the 
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origin true bone; sometimes strands the ground substance 
bone appear the connective tissue and merge into the collagenous 
fibrils they were modification these; and more frequently 
osteoid material formed lime plaques. The process there- 
fore for the most part not unlike that endochondral bone forma- 
tion. The lime plates the media may said correspond 
the calcified cartilaginous matrix the long bone; the penetration 
blood vessel bud from the periosteum into the calcified car- 
tilage finds its parallel the invasion the media the young 
vascular tissue; the disintegration the calcified cartilaginous sub- 
stance, the lodging osteogenetic layer so-called osteoblasts, 
the appearance osteoclasts are simulated. The progressive dif- 
ferentiation the connective tissue cell into true bone cell with 
canaliculi also imitated. only the absence true primary 
marrow spaces which develop the embryonal bone that find 
marked deviation from the normal process. 

The occurrence newly formed bone outside the cardio- 
vascular system not all infrequent. The following sites have 
been recorded the literature: pia and choroid (Virchow), adduc- 
tor muscles (Ponfick), bladder mucosa (Morpurgo), laparotomy 
scar (Askanazy), lung (Pollack, Poscharissky), pleura (Laboulin, 
Hurtado and Pollack), dura (Cruveillhier), eye (Pagenstecher, 
Klebs, Knapp), stomach (Minkiewicz), liver (Cornil, Ranvier). 
and lymph nodes (Pollack and Poscharissky). examination 
the lungs from one hundred autopsies, Pollack was able dem- 
onstrate the presence osseous nodules sixteen cases; and Pos- 
charissky, limiting his search foci, succeeded dem- 
onstrating bone fully 60.7 per cent. the foci examined. 

When compare the frequency these findings with the rela- 
tively small number reported instances bone production 
arteries, can not but believe, with and Bunting. 
that more thorough investigation sclerotic arteries the lower 
extremity would substantiate the view that the process not 
all uncommon. Whereas, before the year 1901, had only the 
few isolated examples recorded Howse, Marchand, Paul, Cohn, 
Kryloff, and Rohmer, since then the publication 
Monckeberg’s paper, confirmed our own observations, has en- 
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larged the number cases and has changed our notion their 
rarity. 

now direct our attention the histological features the 
process, find that, although certain essentials the production 
osseous tissue are regularly seen all the cases, quite variety 
deviations from normal physiological osteoplastic changes have 
been described different authors. Most observers are agreed 
the opinion that lime and vascular young connective tissue are 
most frequently engaged in, and apparently directly responsible 
for, the changes leading heteroplastic bone formation. Bone 
without marrow and bone with true fatty, even with red, cel- 
lular marrow, have been encountered. Sometimes the so-called 
osteoid tissue preponderates, other times progressive metamor- 
phosis into mature bone evident. Thus Bunting found bone 
enclosing spaces which delicate reticulum, fat cells and cells 
bone-marrow type gave the picture true red marrow. fact 
practically all the elements red marrow were represented. 
his case the site the process was sclerotic aorta; the intima was 
penetrated vessels surrounded young connective tissue and 
showed production cancellous bone points where the connec- 
tive tissue found its way into lime plates. 

The minute and carefully detailed description given Moncke- 
berg his paper particularly illuminating and interesting from 
our standpoint because our findings nearly correspond with his. 
his arteries, too, there was invasion the media with vessels 
which gave rise the appearance young connective tissue, due, 
his opinion, not only proliferation the newly immigrated 
elements, but also hyperplasia the preéxisting connective 
tissue cells the media.* considers the presence lime and 
young connective tissue and the process resorption, the essen- 
tial factors underlying the genesis the bone. view the 
sequence changes that occur may thus summarized seriatim: 
(1) The immigration vessels into the diseased vessel wall. (2) 
The production loose tissue, rich cells, around the vessels 
and the vicinity lime plates. (3) Lacunar resorption lime 


Pollack, too, believes that the old scar tissue rather than new granulation 
tissue forms osteoid tissue and bone metaplasia. 
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and hyaline tissue virtue the activity the newly formed 
tissue especially certain pigment cells. (4) Lodging con- 
nective tissue cells along the borders lime areas with deposition 
bone ground substance, inclusion the cells and their transfor- 
mation into true bone corpuscles. (5) Conversion the osteo- 
genetic tissue secondarily into marrow. Inasmuch the initial 
stages the process show primary marrow formation, 
berg holds that are not justified speaking the presence 
true osteoblasts; indeed should regard the ossific changes 
being produced metaplasia connective tissue. 

Quite different view has been propounded who 
declares that the formation primary marrow spaces marks the 
inception the ossification. There first lymphoid tissue, then 
the building fatty marrow, the peripheral cells which 
become osteoblasts and form bone out lime. Cohn, froma study 
calcareous plates the aorta and the heart valves, concurs 
this conception. 

scholarly paper bone formation Bunting has recently dis- 
cussed length the various theories that have been advanced 
explanation the very interesting phenomena heteroplastic bone 
formation arteries. showed that Cohnheim’s theory em- 
bryonal displacement was not applicable, and suggests two views, 
either which may obtain: first, that there direct metaplasia 
connective tissue into bone after the manner callus formation, 
and second, that the calcific material eroded with the formation 
vascularized spaces containing young connective tissue cells, some 
which take the function osteoblasts and lay down bone, 
some the osteoblasts becoming included and forming the bone 
corpuscles. 

Whereas the advocates the “metaplasia argue that 
change connective tissue into osseous tissue may occur, their 
opponents wish show that bone can only formed connection 
with cartilaginous osteogenetic layers, from some displaced 
embryonal bone cartilage matrix. Von Hansemann and Ribbert 
are the opinion that metaplasia rarely comes into play. Whereas 
Lubarsch and Pollack, finding bone almost every calcareous 
nodule the lung examined them, think that arises meta- 
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plasia from connective tissue, von Hansemann believes that has 
its origin islands perichondrium cartilage. Whatever the 
conditions may other organs, the bone formation arteries 
must certainly explained the basis theory metaplasia. 
would work supererogation dilate length upon this 
phase the subject; and will therefore confine ourselves the 
conclusions which have been able draw from study our 
own cases and from the consideration the findings other 
authors. 

generally conceded that the presence lime and young 
connective tissue essential heteroplastic bone formation.* The 
young mesoblastic elements evidently are engaged the deposition 
osteoid substance. The following questions then arise: What 
influences are exerted the lime? What causes the appearance 
the connective tissue? The intimate association the lime with 
the osteogenetic tissue makes more than likely that the calcium 
exerts some stimulus upon the young connective tissue which 
possibly effective producing transformation from the undiffer- 
entiated mesoblastic cell into element comparable its function 
the so-called osteoblast. Although Monckeberg refuses call 
the cells osteoblasts, because they are not developed primary 
marrow, cannot but attribute them the same that belongs 
normal bone-producing elements. Perhaps the has not such 
important role, but the metaplasia into osteogenetic tissue has 
already occurred before the young connective tissue comes into 
contact with it. all events the presence the lime essential 
inasmuch its erosion resorption furnishes the proper condi- 
tion for the elaboration the connective tissue cells homo- 
geneous ground substance, the matrix bone. 

regards the invasion the media vascular connective 
tissue, this phenomenon may probably evoked variety 
causes. Bunting suggests with Paul, that the fracture lime 
plates calls forth this immigration vessels and proliferation 
tissue. our specimens, however, this was not the case; for 
although old fractures lime plates undergoing consolidation could 


*The fact that most the osteoid tissue lies along the outer margins the 
calcified plaques, namely, where the incoming vascular young connective tissue 
must first meet the lime, significant. 
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observed, such places were neither the seat young connective 
tissue infiltrations nor could any bone formation discovered 
their vicinity. our studies diseased vessels have encoun- 
tered vascular and connective tissue proliferation the media 
the following conditions: reparative process, compensatory 
process and manifestation inflammatory change. Thus 
frequently find invasion the media attempts organization 
thrombi, the production collateral circulation canaliza- 
tion and vascularization obliterating intima and disease the 
middle coat itself. The most extensive proliferative changes and 
the most marked instances ossification seem our cases occur 
the vessels which are the site either organizing thrombi 
vascularized obliterating thickenings the intima. These circum- 
stances would seem point the view that perhaps the primary 
entrance vessels the media incited the changes incident 
thrombosis and vascularization the intima. And further that 
when the new tissue comes into contact with the lime, certain new 
influences come into play which cause renewed activity, trans- 
formation into osteogenetic tissue with the consequent production 
true bone. this may, cannot ignore the presence 
the lime plates themselves factors the connective tissue inva- 
sion such, all the more now and then connective tissue may 
present without vascularized obliterating intima without canal- 
izedthrombi. Doubtless all the causative factors mentioned may 
exert their part the process. 

interest this connection call attention the recent 
work Harvey who was able induce bone production the 
aorta rabbits the application irritants the vessel wall. 
After painting the outer surface the aorta some cases with 
three per cent. solution silver nitrate and others with two 
per cent. solution cupric sulphate, bone with Haversian canals, 
with bone marrow bone alone, osteoid tissue developed, 
areas calcareous degeneration, number rabbits after about 
two six months had elapsed. accepts the hypothesis 
that there metaplasia connective tissue, that is, direct con- 
version young fibrotic tissue into bone with possibly inter- 
mediate step cartilage-like tissue formation. 


366 Bone Formation Sclerotic Arteries. 


our own cases meet with two types metaplasia: one 
evidenced the young tissue which lays down the ground sub- 
stance bone eroded absorbed lime areas; the other shown 
those elements that cause the deposition ground substance 
preéxisting connective tissue. very few places there are sug- 
gestions cartilage production; but this cartilage never trans- 
formed into bone. 

Summing our own view the process may say that 
virtue some stimulus, organizing thrombus, attempt 
vascularization obliterating pathological intima, possibly 
the presence the diseased mesial coat lime alone, penetration 
the media with vessels takes place. This followed the 
proliferation young connective tissue the media which comes 
into contact with the lime; such points meeting, the young 
connective tissue cells manifest new function producing the 
ground substance true bone. 


wish express our indebtedness Dr. Mandlebaum, 
director the laboratory Mt. Sinai Hospital, for the preparation 
the photo-micrographs. 


EXPLANATION PLATES XXIV AND XXV. 


Transverse section posterior tibial artery. Lower left hand 
quadrant shows lime plaque with bone formation its right extremity. 
the right the media shows calcified atheromatous nodule. the upper half 
there considerable infiltration the media with vascular young connective 
tissue. The lumen the vessel obliterated organizing thrombus. 

Fic. and marrow formation lime plaque. 

Fic. portion the wall the peroneal artery. The extremities the 
dark calcified plaques the right and left are tipped osteoid tissue, which 
takes the place areas previously occupied lime. 

Fic. Posterior tibial artery (high power). The upper left hand quadrant 
shows pale osteoid and darker osseous tissue. The greater portion the photo- 
graph occupied young vascular connective tissue. Below and the right 
there erosion lime plaque blood and osteoclast free space. 

Fic. portion the media the posterior tibial artery (high power). 
the right the eroded extremity lime plaque penetrated young con- 
nective tissue and bordered osteoclasts. 

Fic. Longitudinal section posterior tibial artery. The dark area the 
right lime. the concavity the lime plaque annular area osteoid 
tissue containing Haversian canal. 

Fic. Media posterior tibial artery. The dark area the extreme 
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right osteoid tissue which drawn out into tongue-like process. This 
represents connective tissue which has been directly changed into osteoid tissue 
metaplasia. 
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ANGEIOMATA VALVES HEART NEWLY 
BORN CHILD.* 


JOSEPH NICHOLS, M.D. 


(From the Pathological Laboratory the Johns Hopkins University and Hospital.) 


The following pathological condition was found the heart and 
bladder male child eighteen days old, who came autopsy 
the Johns Hopkins Hospital August, 1898, and is, account 
its rarity, worthy brief description. 

The mother the child gave normal history, and the present 
pregnancy, her first, was brought successful issue the obstet- 
rical ward this hospital, without interference complications, 
except few mild epileptiform convulsions before and after delivery. 

The child, however, never did well, grew progressively thinner 
and weaker, and succumbed the end eighteen days constant 
vomiting and The weight birth was 2,800 gm., 
death 2,095 gm. Nothing abnormal was noted about the heart 
sounds the obstetrical ward. 

autopsy, the body was that undersized, newly born, 
male child, showing much emaciation and considerable livor mortis. 
There were special marks upon the external surface. The intes- 
tines showed considerable degree follicular enteritis. With 
the exception the heart and bladder, the other organs presented 
apparent pathological alterations. 

the heart the aortic and pulmonic valves were normal; the 
foramen ovale was still patent small opening few milli- 
meters diameter. the tricuspid and mitral valves, however, 
strung along their upper auricular surfaces, were from eight 
ten minute, dark purplish red globules, varying size from pin’s 
point one, the tricuspid valve, large pin’s head. 
these protruded more less from the valvular surface, while the 
larger ones were distinctly pedunculated. They were quite hard 
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and tense the touch, and very firmly attached. removal with 
the forceps, these globules burst, and seemed contain fluid blood. 
their situation along the valves was above the insertion the 
free edge, they apparently interfered little, any, with perfect 
closure. 

microscopic examination the protruding globules are seen 
spaces lined definite, single layer endothelium, and filled 
with blood (Plate XXVI, They are not mere extravasa- 
tions blood into the surrounding tissues, but greatly enlarged 
capillaries vascular spaces. Extravasations have occurred, how- 
ever, few places the figure, but form small in- 
terstitial hardly worth the name Nor- 
mal capillaries may seen, the section reproduced here, the 
points The connective tissue the valve characteristic 
young connective tissue and probably not increased. The ap- 
parent thickenings the figure are produced the shrinkage and 
curling the valve. The delicate free edge seen folded under 
the remaining portion, and unaffected these growths. 

the bladder, under the epithelium about the trigonum, were 
three similar but larger growths, nearly the size small pea. 
the touch these were not tense, but rather flabby. section 
they are apparently composed, like the foregoing, vascular 
spaces. These are, however, more numerous, and, together with 
tortuous, enlarged capillaries and considerable ecchymosis, form 
the small projections over which the epithelium the bladder 
continued. 

The chief interest this article centers the occurrence 
these angeiomata the heart, which must very rare else 
hitherto overlooked. They probably differ only their unusual 
situation from the familiar birth marks, such angeiomata the 
lip, which occur frequently the external surface the 
body, and also some the internal organs. can find, the 
literature command, only one instance described the occur- 
rence growths angeiomatous nature the heart, whether 
infant adult. This case adult, recently described 
Rau,’ small angeioma under the endocardium the right 


*Rau, Arch. path. anat., cliii, 22. 
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auricle, and which cites the first instance the kind described. 
Henoch,? however, mentions some rare cases valvular 
described and Parrot* very young infants 
who had died without valvular symptoms. These authors describe 
similar gross appearances and doubtless refer the same patho- 
logical alterations those mentioned the present article, though 
they speak them hematomata and not true angeiomata. 
Henoch considers that they usually become absorbed within short 
importance; though, occasionally, even slight alteration may 
become the starting point obscure insufficiency later life, 
possibly due interference the proper nutrition development 
the valve. 
EXPLANATION PLATE 
Tricuspid valve, hardened Zenker’s fluid and stained hematoxylin and 


eosin. The section passes from base free edge. 

a,a,a. Protruding globular spaces filled with blood and lined flat endo- 
thelial cells. 

Extravasations blood into tissue. 

c,c. Ordinary capillaries. 

Free edge valve curled under main portion. 

Papillary muscles. 

Wall ventricle. 


Vorlesungen iiber Kinderkrank, 8th ed., Berlin, 1895. 
Archiv., 1857, xi, 144. 
Parrot, Arch. Physiologie, 1874, vi, 538. 
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STUDIES RESUSCITATION: THE GENERAL CON- 
DITIONS AFFECTING RESUSCITATION, AND 
THE RESUSCITATION THE BLOOD 
AND THE HEART.* 


(From the Physiological Laboratories Western Reserve University and the 
University Chicago.) 


CoNTENTS. 
PAGE 
III. The Experimental Results: 
The General Conditions Affecting 384 
INTRODUCTION. 


The work resuscitation was begun two (S. and G.) 
more than five years ago, intermitted for time through external 
circumstances, and then resumed conjunction with the third 
author (P.), who largely responsible for the preparation the 
paper for publication. The original incitement the work was 
part the remarkable results obtained the resus- 
citation the excised mammalian heart. was clear the outset 
that, the resuscitation the heart could accomplished 
after equally long intervals, the limit which the resuscitation 
entire animal could hoped for must determined the 
power resistance organs less tenacious life and less sus- 
ceptible resuscitation than the heart. Our first task, then, was 
study the conditions resuscitation the heart and the 
next fix again, the light the results this study, the limits 
possible resuscitation the least resistant the systems essential 
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life—the central nervous system. Several papers? have been 
published special portions our investigations. Our present 
aim give somewhat general view the subject, covering all 
the systems far studied and embodying new results the case 
those systems already treated of. The results the central 
nervous system and the glands and muscles will embodied 
future papers. Besides the practical purpose the observa- 
tions—to contribute something, possible, the technique total 
resuscitation, which might useful the treatment such acci- 
dents chloroform coal gas poisoning, drowning and other 
forms asphyxia,—we constantly kept view, particularly our 
studies the resuscitation individual organs systems, the 
possibility that treating organ that its activities are sus- 
pended, either wholly part, and then watching the gradual 
sudden restoration these activities under the various methods 
resuscitation, continued for longer shorter periods time, some 
insight might gained into the life processes the organ, and 
the necessary conditions its activity. knew precisely what 
had happened organ tissue the moment when, conse- 
quence interference with the circulation it, had ceased 
function, and what happened when, under the influence the 
restored blood stream, its function again returned, should cer- 
tainly possess very exact knowledge the nutritive conditions 
which its activity depends. knew the difference between 
organ whose power normal function abeyance but which 
capable resuscitation, and the same organ, absolutely alike, 
seems all our ordinary tests, when has just passed beyond 
the limit possible resuscitation, should not far from 
exact knowledge the meaning life. 

The experiments cite only one the many similar 
results the field general physiology, lend particular emphasis 
this point. found that fish might frozen solid and after- 
ward recover when thawed out, provided the temperature had not 

and Stewart, Science, 1905, xxi, 887. Stewart, Guthrie, Burns and 
Pike, Jour. Exper. Med., 1906, viii, 289. Guthrie, Pike and Stewart,. American 
Jour. Physiol., 1906, xvii, 344. Guthrie and Pike, ibid., 1907, xviii, 14. 


Stewart and Pike, ibid., 1907, xix, 328; xx, 61. Stewart, ibid., 1907, xx, 407. 
Arch. des Sciences physiques naturelles, 1893, xxx, 


been reduced lower than —15° If, however, the temperature 
had been reduced 20° C., the fish would not recover when the 
temperature was raised again. 

formal definition resuscitation means easy. The 
circulation animal has been stopped for time. According 
the length the stoppage, changes more less serious have 
occurred the organs. According the sensitiveness the 
various organs deprivation blood, the damage each has been 
greater less. any moment the question asked, whether 
the body whole, any particular organ capable resusci- 
tation, the answer must that much depends upon the method 
which resuscitation attempted. For example, not infrequently 
see that, certain stage the head end animal, 
the reéstablishment the circulation and its long continuance may 
fail restore the respiration and the other functions associated 
with the bulb and the higher parts the brain, Minute after 
minute, sometimes even hour after hour, goes by, the heart beating 
fairly well, the blood circulating steadily, but all our tests, 
ground being gained. The arterial pressure too low. now 
artificial means the arterial pressure raised sufficiently, speedy 
resuscitation may ensue. such cases, the animal with the means 
ordinarily employed would deemed incapable resuscitation. 
ordinary language, would said that its head was dead before 
the was reéstablished. only when, under the influ- 
ence the higher pressure, the signs returning function appear 
that this verdict reversed. The resuscitability the animal 
such instance clearly depends the perfection the technique 
employed resuscitate it. Ought say, another case where 
resuscitation had not been accomplished even when, addition 
restoring the circulation the pressure was raised, that the stage had 
been passed which restoration was possible and that definitive 
death had occurred before the renewal the circulation? Plainly 
could not say this, since improved technique might have led 
successful result. 

Another question which may asked what constitutes suc- 
cessful resuscitation tissue element, organ entire 
animal? easy reply, restoration all the normal condi- 
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tions, structural and functional. But difficult separate the 
more from the less important conditions and say any given 
tissue organ the whole animal, given period the 
resuscitation process, such and many functions have now been 
resuscitated the stage which absolutely necessary for continued 
existence, such and many are still wanting still below the 
threshold effective with other functions. For ex- 
ample, take the resuscitation liver cell. has certain struc- 
ture and certain functions. period given dura- 
tion puts stop these functions, alters, may be, the structure 
the cell definite way. The circulation reéstablished, the 
functions the cell return, perhaps definite order. again 
capable forming glycogen from dextrose, but perhaps yet 
incapable synthesizing ammonia compounds urea, sepa- 
rating from the blood the constituents bile. may perhaps 
capable forming glycogen, but not performing the converse 
change glycogen into dextrose producing the ferment 
which the latter change accomplished. Its structure, what 
histologists denominate its structure more less artificial pic- 
ture perhaps) may restored pari with the restoration 
function, that might possible say, from microscopic 
examination the cell, this moment capable forming 
bile but incapable forming urea, the relation between the res- 
toration function and structure may very complicated 
one, and extremely difficult decipher. what stage shall 
say the resuscitation hepatic cell completed? Again, 
very easy reply, does everything that the normal he- 
patic cell does quantity and quality, and when its structure the 
same.” But again is, present, quite impossible, before resus- 
citation has been attempted, predict whether, how completely, 
will occur. Take, for example, the resuscitation neurone. 
Undoubtedly the most important criteria its recovery are that 
should again susceptible being excited and conducting 
the excitation. But know that there are differences the resus- 
citability different parts the neurone, the synapse, g., being 
less easily resuscitated than the axone. And not easy say 
what precise point the threshold resistance, whatever may 


be, the synapse becomes low that can considered normal. 

When take the case entire organ, the question still 
more complicated. not only that the resuscitability differ- 
ent cells the organ may different, that some the hepatic 
cells, g., having perhaps suffered definitive death while others 
are still resuscitable, just certain erythrocytes given specimen 
blood are always more resistant the action given 
lytic agent than others, but that the different tissues which compose 
organ are, general, unequal resuscitability. certain 
proportion the hepatic cells never recover any functions, and 
ultimately degenerate and disappear while others perhaps recover 
certain functions without recovering all, and the rest the hepatic 
cells are completely restored, the vaso-motor and secretory 
nerves the liver (assuming that the latter exist), some 
them, remain, after given period incapable resus- 
citation while the rest recover, what practical criterion shall 
decided the degree resuscitation organ whole? 

Where the resuscitation whole animal considered, the 
question becomes still more difficult, for the completeness the 
resuscitation any given organ inextricably dependent the 
completeness resuscitation others. 

may, indeed, speak not only the resuscitation organ 
function, but also the resuscitation reaction, even 
chemical reaction, the animal body. And may even most 
philosophical consider that effective resuscitation entire 
organ has been accomplished when certain fundamental and indis- 
pensable reactions are again taking place proper sequence time 
and proper distribution space the body. What, for example, 
has when the respiratory center has once more begun 
discharge itself but that certain reactions abeyance for time 
are once more running their normal course the elements the 
center and propagating themselves, some other reactions which 
are normally linked with them, along the efferent axones? say 
that the respiratory center and its efferent pathway have been resus- 
citated. What actually observe that the spontaneous dis- 
charge again taking place. With what alterations the so-called 
structure its histological elements this discharge may com- 
patible, not present know. 
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The possibility that resuscitation certain chemical reactions 
the liver cells may separately restored has already been men- 
tioned. Many other instances the possible resuscitation 
reaction without the complete resuscitation the organs themselves 
might alluded to. instance, known that curves repre- 
senting the rate oxygen consumption and carbon dioxide excre- 
tion excised muscle subjected artificial circulation tempera- 
tures below that the body diverge widely from each other, sug- 
gesting that these reactions are certain extent independent 
each other. resuscitation conceivable that the one might 
return while the other was still absent, that the one might 
fully resuscitated before the other. muscle has heat-producing 
mechanism separate from mechanism which transforms 
chemical energy into mechanical work, the two mechanisms might 
separately resuscitated. the liver and other cells synthetic 
processes might resuscitated different time from degen- 
erative processes. power the cells the intestinal villi 
absorbing fatty acids and soaps might resuscitated earlier 
later than the power synthesizing these substances neutral 
fats. the visual mechanism, the function perceiving light 
might resuscitated different time from the function dis- 
tinguishing colors. the resuscitation the lungs, the function 
excreting carbon dioxide, far does not depend physical 
diffusion, might resuscitated different time from the func- 
tion absorbing oxygen. This might perhaps tested clamp- 
ing the division the pumonary artery going one lung for 
time and then releasing it, the pulmonary artery the other lung 
being now clamped permanently, and the gaseous exchange through 
the first lung being studied recovers from the consequences 
the the case the pancreas, the internal secretion 
might resuscitated different time from the external secre- 
tion, and after period the pancreas proper length, 
animal might recover one function and not the other—a possible 
means testing the hypothesis that the internal secretion formed 
different histological elements (as the islets Langerhans) 
from the external. 

The differences the relative resistances the various organs 


and tissues may examined from another point view. 
the result long and extensive study the degenerate 
eyes the blind, cave-dwelling vertebrates North America, con- 
cludes that the active structures the eye, such the retinal 
elements and the lens, degenerate sooner and more completely than 
the passive structures, such the scleral cartilages. has been 
also, that the passive structures, g., the corneal cuticula, 
the eye Cuban cave-shrimp are more resistant than the active 
structures the dioptric apparatus, which represented the 
merest vestiges this apparatus exists the normal decapod 
eye. But this dioptric apparatus, not all parts have suffered 
alike. The cone cells, which constitute the refractive apparatus 
the decapod eye and cause the formation image, have almost 
totally disappeared, while the retinula cells, concerned with the per- 
ception light and images, are present about the number 
one hundred. was suggested that the difference resistance 
shown these two groups cells might connected some way 
with the probable earlier phylogenetic development the retinular 
cells. obvious that the stoppage the circulation, resulting 
the failure the oxygen supply the cells, the total 
organ constitutes adverse influence marked severity. 
The question arises, therefore, whether not can trace 
similar general relationship between the activity passivity 
structure tle one hand, and the relative phylogenetic age two 
closely related active structures functions the other, and the 
resistance these structures functions such general necrotic 
processes asphyxia anzemia. 

may take illustrative examples the following structures 
functions. Bone may regarded purely passive structure. 
far our experimental evidence goes, almost 
unaffected any agents which not produce irrevocable loss 
bodily functions. The tests for the functional activity connec- 
tive tissue general are ambiguous that not consider 
profitable discuss them here, but have observed symptoms 
our animals which would lead believe that these tissues 
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were very much affected. commonly stated surgeons that 
the epithelial cells the skin will retain their vitality for one 
two weeks, left sitw and kept ice, after amputation 
limb, and will grow when placed skin wound. have never 
seen any case permanent death the integument the head 
animals subjected cerebral Integument, well bone, 
relatively passive structure, but both have other somewhat 
active structures intimately related them—the erythroblasts 
the bone, and the pilo-motor muscles and sometimes glands the 
skin. not know what extent these more active structures 
might suffer compared with the inactive bones and skin. 

cerebral the muscles the head region suffer less 
than the nervous system. muscular contraction may obtained 
striking the muscle time when reflex movement can 
elicited the same region. 

Within the nervous system itself, there diversity reactions 
anemia. The cortical centers succumb first and recover last. 
The respiratory and vaso-motor centers persist much longer and 
recover earlier, have pointed out before. Another example 
different degrees resistance two closely related structures 
about equal activity found the inhibitory and accelerator 
fibers the heart-vagus nerve. has previously been pointed out 
that after division this nerve, the inhibitory fibers degenerate 
more rapidly than the have shown that the in- 
hibitory mechanism succumbs anzemia sooner than the accelerator 
mechanism. his study the cardiac nerves mol- 
luscs, found that some the lower groups the phylum have 
inhibitory cardiac nerves, least none that were demonstrable, 
and suggests that the accelerator nerves the heart arise earlier 
phylogenetically than the inhibitory. 

There little doubt that functionally, well morphologically, 
the cortical centers the brain are later phylogenetic origin 
than the centers concerned merely with the maintenance life. 
have shown that animal may recover, far all the lower 

Schiff, Arch. Physiol., 1878, xviii, 172; Arloing, Arch. physiol. 


norm. path., 1896, Ser. viii, 75. 
*Carlson, Amer. Physiol., 1905, xiv, 16. 


nervous centers are concerned, but almost totally lacking 
intelligence. 

little attention has been devoted phylogeny function 
that, even possessed the necessary data the relative resist- 
ance all the functions, would still unable say whether 
not they agreed more than very general way with the above 
hypothesis. But the study the ontology and phylogeny 
structure has made morphology the rational science which 
to-day, may look the study the ontogeny and phylogeny 
function give physiology some the generalizations 
which much stands need. Furthermore, completely 
accord with modern views evolution that cell organism 
should acquire first those functions which are most necessary for 
life; and conceivable that these necessary functions should 
the ones succumb last injurious influences general, and the 
first recover when the conditions again become favorable life. 
explain the nature this resistance would again far toward 
explaining the life processes the cell. 


PREVIOUS WORK RESUSCITATION. 


have reviewed the literature some the special phases 


the subject our previous papers, which the reader re- 
ferred for fuller discussion. 


The idea resuscitation old that seems impossible trace its 
origin. The Hebrew and other literatures the ancient world contain many 
references it, often under the guise miracle. 

Among physiologists, 1812 credited with the first statement 
belief the possibility the resuscitation parts animal even 
whole animal some time after death. But long before the time Legallois, 
the experimental foundation the subject had been laid Stenson® and Swam- 
the same year. Stenson attributed the paralysis following ligation 
the abdominal aorta affection the peripheral nerves and muscles. 
the next century, held similar view. about the middle 
the last century, showed that the irritability the spinal cord was diminished 
immediately after occlusion the abdominal aorta. The credit pointing 
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out the fact that the true cause the paralysis lay the anemic changes pro- 

duced the spinal cord almost universally given although 
had pointed out the same fact several years before. About two hun- 
dred years after Stenson described his experiment its true significance became 
apparent. The nerve cells the spinal cord were more sensitive anemia 
than the muscles. Spronck,” some years later, showed that animal might 
regain complete functional use the spinal cord following total loss such 
function during temporary anzmia. 

decapitated dogs and, after the head had failed respond 
electrical stimulation the medulla, connected cannulas with the cerebral 
arteries. The injection oxygenated blood caused apparently voluntary move- 
ments the muscles the face and eyes within two three minutes. Ces- 
sation the artificial circulation was followed movements the lower jaw, 
respiratory movements the nostrils, and finally dilation the pupils 
ordinary death. 

have published separate experiments showing that the activity 
the decapitated head may maintained for considerable time after decapi- 
tation, vascular anastomosis and the circulation entire blood through it. 
Suitable nutritive conditions are sufficient maintain certain degree 
activity the decapitated head, and unbroken connection with the spinal 
cord unnecessary. 

There had accumulated then, relatively early the past century considerable 
body experimental evidence the effect that certain parts the nervous 
system might restored more less completely functional state after 
total loss function proper circulation oxygenated blood was begun 
time. early became apparent also that the central nervous system was more 
sensitive anemia than the muscles. self-evident that the length time 
which may elapse after the death animal within which resuscitation the 
whole animal possible determined the resistance viability the part 
susceptible adverse influences necrotic changes. This weakest part 
would appear the central nervous system. therefore practical im- 
portance well scientific interest determine the period after which the 
central nervous system may resuscitated situ. Our experiments this 


point, together with partial review the literature, have been published 
separate The time limit total anemia the central nervous system 
after which complete resuscitation possible probably below twenty minutes. 
This about the same limit set and Mayer.” 


Schiffer, Cent. med. Wiss., 579, 593. 
sur physiologie générale compareé system nerveux, 
Paris, 1866, 451; hebdomadaire méd. chirurgie, 1861, viii, 365. 
Brown-Sequard, Jour. physiol. des animaux, 1858, 117. 
Guthrie, Pike and Stewart, loc. cit. 
Stewart, Guthrie, Burns and Pike, cit. 
Compt. rend. des Sciences, 1900, cxxx, Jour. 
physiol. path. gén., 1900, ii, 443. 
Mayer, cent., 1878, xvi, 


Although the early work resuscitation dealt largely with the central 
nervous system, the impetus recent work came largely from the experiments 
the excised heart. 

The resuscitation the heart has been accomplished (1) massage 
situ and (2) perfusion with some artificial natural circulatory fluid. 

Schiff,” correctly, and erroneously, working independently, are credited 
with having first practiced direct massage the heart. The method has come 
into clinical use with more less indifferent success. The literature resusci- 
tation the heart direct massage the year 1902 given 
did extensive series experiments the resuscitation the heart 
opening the thorax, employing technique, and massage the heart. 
reports freedom from infection and complete recovery every way after long 
periods stoppage the heart. should pointed out, however, that Prus’s 
means determining the moment which the heart stopped beating—the moment 
when the heart beat ceased affect mercury manometer untrustworthy, 
and the long periods time after which reports complete resuscitation should 
therefore accepted with considerable caution. The thorax was not opened 
until certain time after the heart ceased affect the manometer, and the exact 
time cessation the beat was not determined inspection. the resusci- 
tation man two hours after death from suffocation, the heart must certainly 
have been beating part the time during which was supposed stopped. 
have pointed out above, the period total after which resusci- 
tation the central nervous system possible very much less than two 
hours. 

The difference between clinical death and true death should most closely 
borne mind this connection. There are cases recorded the literature 
which the heart has been observed beat incredible period after clinical 
death. Thus observed beats woman’s heart autopsy twenty- 
nine hours after execution. observed rhythmical contractions the 
right auricle rabbit’s heart fifteen hours after death. observed 
beats dog’s heart ninety-three and one-half hours after death. Regnard 
and Loye,” making autopsy, observed beats the heart lasting for about 
hour after execution. The only certain way testing whether not the 
heart has stopped direct inspection. The heart doubtless continues beat, 
although never feebly, for sometimes minutes, perhaps hours, after ceases 
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cause any movement mercurial manometer, and the feeble beat may 
maintain circulation sufficient sustain the life the nervous tissues well 
the other tissues. incline the belief that these facts, generally over- 
looked clinically and often experimentally, will explain many the cases 
resuscitation long intervals after clinical death. 

Kemp and Gardner™ have reported series experiments dogs which 
they obtained resuscitation after death from chloroform. The method employed 
was (direct) massage the heart and artificial respiration. Tracheotomy was 
not done but O’Dwyer’s tubes were introduced through the larynx. The results 
were good. 

Further summaries the clinical aspects cardiac massage have been 
given and Lenormant.” 

Since the appearance Boureau’s paper, has reported case 
which massaged the heart introducing the hand through the abdominal 
wound made the course operation and massaged the heart through the 
diaphragm. recovery was complete. 

Very recently, Green® has described two clinical cases cardiac massage 
occurring his own practice, and cites thirty-eight other cases from the litera- 
ture. Green used the subdiaphragmatic method massage, opening the ab- 
domen and palpating the heart through the diaphragm means the fingers 
introduced through the abdominal wound. one case the diaphragm and 
pericardium were incised and the heart palpated directly. The subsequent course 
the first case was much like that which have noticed cats after tem- 
cerebral anemia. There were variations the pulse rate varying 
intervals after starting the heart. Spasms soon appeared and continued more 
less intermittently until death some twenty hours later. The temperature rose 
alarming degree. 

has reported method for starting the quiescent heart electrical 
stimulation. Two electrodes, insulated from each other, are passed downward 
along the carotid artery through wound the neck the heart. Stimulation 
induced currents caused the heart beat after fifteen forty minutes 
stoppage (dogs). Here again must exercise caution accepting the results, 
since Floresco also took the time stoppage the heart the moment when 
ceased affect mercurial manometer. Concerning the possibility start- 
ing the quiet heart electrical stimulation shall speak later the 
paper. The method, practicable, would possess certain advantages over 
opening the thorax, such avoidance the ugly chest wound. 

Resuscitation the heart perfusion suitable medium through the 
coronary vessels was also first practiced some years before the work 
Kuliabko appeared. 

Martin™ credited with the first perfusion the mammalian heart through 
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the coronary arteries. and working independently, modi- 
fied Martin’s method ligating all branches the aorta except the coronaries, 
thus reducing the volume blood necessary for perfusion. The perfusion 
the human heart was first done Hedon and The earlier literature, 
together with discussion Martin’s work given Magrath and 
and Porter. While great scientific interest know that certain 
tissue may roused activity several days after death, yet, manifestly, can 
great practical importance the resuscitation entire animal 
transcends the limit the weakest link the systemic chain. 
has tried the effect intra-venous and intra-arterial injections Locke’s 
fluid and adrenalin hydrochloride the resuscitation dogs after asphyxia. 
avoided opening the thorax and introduced sound through the carotid artery 
into the aorta. Injection Locke’s fluid which small amount adrenalin 
had been added was accomplished through the sound, and the heart caused 
beat establishing the coronary circulation. Pressure the right heart was 
relieved withdrawing blood through ordinary urethral catheter introduced 
into the right jugular vein. repeated the experiments Kuliabko, 
but failed obtain the brilliant results claimed the former investigator. 

The work Locke and others the effect solutions inorganic salts 
upon the heart has been discussed separate The practical applica- 
tions the intra-venous intra-arterial injections the various salt solutions 
the general problem resuscitation will discussed subsequent section. 

third line work, subsequent much that the nervous system but 
antedating most the work the heart, was series attempts resusci- 
tate entire animal after accidental death. 1788, wrote the 
most effectual means cure submersion, strangulation and several kinds 
noxious airs living animals. 1829, and 1834, wrote 
the physiology, pathology and treatment asphyxia, including suspended 
animation new-born children, and asphyxia from drowning, hanging, wounds 
the chest, mechanical obstructions the air passages, respiration gases, 
death from cold, etc. wrote the means employed for recovery 
from apparent death due drowning, suffocation and other like causes. Few 
positive results were obtained. 

committee which was appointed (in 1862) investigate the subject 
suspended animation, reported the Medico-chirurgical Society London 
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has reported case resuscitation after freezing. Some remarkable 
resuscitations have been reported the editor the 

fairly complete account the condition the visceral organs after the 
resuscitation entire animal that given Prus his two papers. 


THE EXPERIMENTAL RESULTS. 


The General Conditions Affecting attempting 
the resuscitation animal, tacitly assume that organ 
system constituent the body which absolutely essential 
life, has suffered irreparable injury. would hopeless at- 
tempt permanent resuscitation after the blood had clotted the 
head great vessels after putrefactive bacteria and other injur- 
ious organisms had entered into sufficient numbers fatal, 
after the blood had been destroyed chemicals venom had 
suffered such spontaneous changes rendered incapable 
aiding the resuscitation the tissues nourishing them 
normally after they were resuscitated. 

manifestly impossible tell the exact moment clotting 
the blood within the heart unless the wall one the cavities 
incised. After incision, the liberation the kinase from the 
tissues the heart will hasten coagulation that cannot take 
the result obtained the true time coagulation. The most trust- 
worthy results will, therefore, those which the condition 
the blood within the heart stated exactly found incision 
the ventricles. The results our observations are given 
Table 

The dogs which the observations were made had been used 
students for experiments the submaxillary gland, including stim- 
ulation the chorda tympani nerve. some cases certain 
amount dissection was done the abdomen after death, such 
removal the stomach. The operative procedures had un- 
doubtedly liberated considerable amount kinase from the tis- 
sues. Although the early occurrence clots our subjects 
probably favored the ante-mortem treatment the animals, the 
interval during which the blood remained unclotted greater than 
the period after cessation the circulation after which the central 
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nervous system can resuscitated. Intravascular clotting cannot 
practically considered barrier resuscitation. 


TABLE 


Showing the condition the blood the cavities the heart incision 
varying intervals after death. November, 1904. 


Dog. Asphyxia after ether. 100 min. Moderately firm clots. 

Dog. Heart stopped from ether. clot. 

Young dog. Asphyxia after ether. clot. 

4. oe “ce 25 No clot. 

Dog. Haemorrhage and asphyxia. Clot. 

Pup. Chloroform. Clot. 

left. 

10. Dog. Small clot right ventri- 
cle; none other cavi- 
ties. 

11. Young dog. clot. 

right ventricle clot 
left ventricle. 

13. Young dog. Clot. 

14. Dog. Haemorrhage and asphyxia, Clot. 

15. Young dog. Asphyxia after ether. clot. 

16. Dog. Clot. 

17. Dog. Heemorrhage and asphyxia, Clot. 

18. Young dog. Asphyxia after ether. Partial coagulation 
right ventricle, but 
clot left ventricle. 


found that clots occurred the heart cavities two 
out his three dogs within twenty minutes after death, time 
somewhat shorter than that which found them. The pres- 
ence clot the ventricle probably not, itself, absolute 
bar the resuscitation the heart. The left heart seldom con- 
tains much blood after death, and clot found its cavities would 
not, general, completely fill them, and thus prevent the inflow 
blood into these cavities. And again, the mere presence clots, 
acting solely foreign bodies the ventricle, would present 
great difficulty, the introduction sounds and catheters into the 
cavities the heart for the measurement endo-cardial pressure 
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matter common occurrence. clots are occa- 
sionally found within the heart and not seriously embarrass its 
action. starting the heart intra-arterial injections fluid, 
the injected fluid, will pointed out later, does not necessarily 
enter the heart cavities first, but goes into the coronary arteries 
and reaches the cavities the heart only after passing through 
these vessels. 

Permanent resuscitation animal after the formation 
clots the heart, although perhaps not impossible, scarcely 
hoped for. 


The Resuscitation the Blood. 


Since all that necessary, under normal conditions, for the life 
most tissues good circulation normal blood, functional 
connection with the nervous system being apparently not indispen- 
sable, are very early met the questions: (1) What are the 
criteria blood sufficiently good quality for resuscitation the 
organs? (2) How long does blood stagnating the vessels after 
cessation the circulation, shed blood preserved under proper 
conditions, retain the necessary properties? (3) what extent 
can blood which has lost some all these properties itself 
resuscitated? The change which blood ordinarily undergoes 
passing through the lungs, kidneys and other organs constitute 
sense resuscitation it, and are qualitatively perhaps the same 
the change undergone stagnant blood when again caused 
circulate. But better restrict the term resuscitation 
blood whose formed elements have suffered decided loss func- 
tion, though not irreparable one. 

impossible give any very definite answer these ques- 
tions. bacteria have appeared the blood, spontaneous 
laking has occurred, undoubtedly the blood below the necessary 
standard, although even then the circulation through normal 
organs may restore it. Blood which has stood for many hours, 
even days, the ice chest may more less successfully revive 
the isolated mammalian heart. The deleterious effect waste 
products accumulated the stagnating blood are not very con- 
spicuous, since restoration after simple asphyxia relatively easy. 


that laked blood harmful the isolated heart 
account the liberated potassium salts. probable that the 
harmful effect resuscitation entire animal would not 
great since elimination, perhaps combination the potassium 
salts with proteids, would occur. any case, the absence 
bacteria agents like bile salt, laking blood 
ordinary, and even body, temperature takes place only after 
long interval. example the spontaneous aseptic laking 
dog’s blood given the following protocol. 


February 13, 1905. Blood was run through sterile cannula from the carotid 
artery dog into number sterile glass tubes which were then sealed 
the blowpipe flame. 


March 15, 1905. All the specimens are now well laked. There still plenty 
clot all the tubes. The spectrum was that reduced hemoglobin. The 
color was dark purple. 

September 1907. Between this and the last date the tubes were repeatedly 
examined, without revealing any change. Still much clot, the autolytic processes 
having ceased affect the fibrin. 

The spectrum still that reduced hemoglobin, except tube which 
was slightly broken one end. Here the color brown and the spectrum shows 
strong band the red the position the methemoglobin band. One the 
other tubes was shown free from bacteria. 


the necessary condition for the resuscitation the solid tis- 
sues supply good blood under proper pressure, the necessary 
condition the resuscitation blood good circulation 
through body whose tissues are sufficiently normal condition, 
or, any rate, through certain number indispensable tissues. 
Since, animal which being resuscitated under ordinary con- 
ditions, neither the blood nor the tissues are normal, the question 
presents itself whether its own previously stagnant blood the best 
circulating medium, whether might not improved the 
addition artificial liquids blood from normal animal 
the same species. Crile, for instance, has recently revived the oper- 
ation transfusion for the treatment such conditions coal- 
gas poisoning. Since here the serious factor that the 
globin has ceased act oxygen carrier, possible that the 
introduction certain amount hemoglobin salt solution, 
simpler proceeding than transfusion, might efficacious. But 
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from animal could only used were demon- 
strated that did not exert injurious action from the formation 
anti-bodies, for instance. 

The time when the blood loses its bactericidal power that micro- 
organisms may pass into from the alimentary canal not devoid 
interest this connection. not probable that the epithe- 
lium and other defenses the organism should prove the 
weakest link the chain and break down within period less than 
that after which resuscitation the central nervous system pos- 
sible, although has been shown that the epithelial cells the 
intestine lose their power absorbing water from serum placed 
the lumen for long time after they have been subjected 
able that the blood would lose its bactericidal power toward the 
ordinary bacterial parasites the colon within the same time. 
found that the blood exerts some action against the 
Bacillus typhosus and Bacillus coli. four six hours after 
death some the common organisms the intestines are 
found the neighboring tissues unless the cadaver has been put 
into the refrigerator immediately after death. This period, how- 
ever, greatly exceeds that within which may hope for resus- 
citation the central nervous system, and is, therefore, not con- 
sideration great practical importance. addition the loss 
its biological properties—the and bactericidal powers 
—the serum suffers certain physico-chemical even when 
sealed sterile tubes, such changes the depression the 
freezing point, and changes electrical conductivity, viscosity and 
coagulation heat. The significance these changes regards 
the use the blood the tissues not yet apparent, and none 
them would occur within the time elapsing after stoppage the 
circulation after which resuscitation the central nervous system 
could hoped for. 

Cobra and crotalus venom, well known, have violent 
action, and death results from the changes the blood. 
means restoring this laked blood its former physiological 
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condition known, and suitable fluid, other than blood itself, 
which might used for replacing the damaged blood and sustain- 
ing the life the animal until could form new blood has not been 
found. Whether transfusion blood from another animal, allow- 
ing the laked blood escape, would result recovery is, course, 
open question. 

The attempt resuscitate the blood transfusion has, late, 
been made some cases anzemia and the extreme cachexia 
typhoid fever, with only indifferent success. true that 
sufficient supply normal blood all that necessary for the life 
the tissues, would seem that, cases where transfusion was 
not followed recovery, the seat the trouble lay the cells; 
that the cells the time when the transfusion was made, had 
already lost some the functions necessary life. far 
these functions are concerned, the cells might, therefore, re- 
garded dead beyond the possibility resuscitation, 
death would matter short time only. 

The effect defibrinated blood maintaining the activity the 
heart and some the secretions shown the accompanying 
protocol. The results are not good when fresh blood cir- 
culated through these organs, have good experimental rea- 
sons for thinking that the cells would have recovered they had 
been supplied with fresh blood. The reason for this difference 
unknown us, but believe that the experiments point toward 
the conclusion that blood soon undergoes changes which affect even 
its nutritive, well its bactericidal properties. 


Experiment March 1905.—Pup, etherized, was kept hot box. 

11:23 Tied right subclavian artery and vein. Artificial respiration. 

11:26. aorta and put cannula central end. 

11:28. Tied inferior vena cava, after elevating hind end and bandaging 
abdomen. 

11:38. Put cannula aorta, toward heart, running into the auricle. 
Corneal reflex present. 

11:39. Tied heart auriculo-ventricular groove, omitting great veins, and 
immediately began artificial circulation with dog’s defibrinated blood, obtained 
the day before and kept the ice box. 

11:48:45. Exposed vago-sympathetic trunks neck without ligating 
dividing them. 

12:10 Auricles and ventricles still beating, but not with same rhythm 
(right auricle seconds; right ventricle seconds). 
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12:16. Added Locke’s fluid some the blood (equal volumes) and be- 
gan injecting it. 

12:30. Stimulated right vago-sympathetic. Some slowing right auricle 
(left not observed) and distinct after acceleration. 

12:33. little ether into the mouth. seems excite little secretion, 
but perhaps some was excited. 

12:40. about two inches above auricle beating, with almost 
same rhythm auricle. Not very strong beats, but regular, except that occa- 
sionally there series two three beats more rapid than the rest. This 
more rapid series not seen the auricle. 

was taken off heart. 

12:51:15. Ventricle began beating. 

1:10. Superior vena cava and right auricle beating well. Closing outflow 
tube inferior vena cava stops auricular beats once, but does not affect 
superior cava beats. Verified many times. very slight pressure right 
auricle sufficient stop beats. Stimulated right vago-sympathetic. 
stoppage superior cava auricular beats, but rather acceleration. 

1:22. Stimulated left vago-sympathetic. Still slight opening left eye, and 
apparent retraction nictitating membrane, but the latter may due 
bulging the eye. (Both eyes have had marked increase intra-ocular pres- 
sure, progressing since the time when the corneal reflexes disappeared (11:48:45) 
and have been permanently bulged out increasing degree.) 
now beating much faster than the superior vena cava, which beating strongly. 
Closing outflow tube stops auricle, but does not affect cava. After releasing 
tube, auricle beats more strongly than before. Some secretion running from 
nose. Stimulated left vago-sympathetic. effect heart superior cava. 

1:30. Perhaps some increase lachrymal secretion. 

1:32. salivary secretion, shown drying mouth previously. 

1:36. Injected pilocarpine. 

1:39. Stimulated left vago-sympathetic. Good retraction nictitating mem- 
brane, without any opening the eye. Some increase lachrymal secretion 
right eye. 

1:53. Increased pressure injection blood quicken flow. 

1:57. active direct stimulation. 

1:58. Circulation twice rapid before. Good lachrymal secretion, 
especially right eye. 

2:04. Stimulated right vago-sympathetic. nictitating mem- 
brane and opening eye. Now closed inflow tube, and left everything situ. 

3:03. and tongue still respond well stimulation. Stimulated 
both vago-sympathetics. effect eyes. Skeletal muscles shoulder ex- 
citable direct, but not indirect stimulation. 

Started circulation. Right auricle soon beating well. 

3:28. Stimulated vago-sympathetics. effect eyes. Right auricle 
beating well. Any pressure outflow tube stops it. When pressure re- 
lieved beats more strongly than before. Superior vena cava not beating, 
nor left auricle. Much secretion flowing from nose, tinged with blood pigment. 

3:42. Tongue still excitable direct stimulation. (Did not try indirect.) 
Nictitating membranes are getting cedematous and bulge out. Some liquid 


gathering mouth and throat, free from hemoglobin. Tongue getting cede- 
matous. 

3:56. Stimulated right vago-sympathetic. effect eye. Liquid 
coming freely from eye. Liquid also collecting mouth. Gums wet. 

4:08. Stimulated vago-sympathetics. effect eyes. cornea 
one eye let the aqueous humor escape. somewhat tinged with blood. 
Vitreous humor also allowed escape. Some blood seen upon it. Stimula- 
tion the vago-sympathetic does not affect the eye any more than did before. 
(Pressure was relieved eye was thought possible that might prevent 
mechanically any change the pupil.) 

4:20. Tongue still excitable, although swollen. incision, cedematous 
fluid escapes from it. excitable. Large hemorrhage its walls. 
Shoulder muscles contract direct stimulation, but not stimulation 
nerves axilla. Same for pectoral muscles. Hind leg muscles inexcitable 
direct stimulation. Stimulation sciatic nerve produces effect. Experiment 
stopped. 


Another experiment the artificial circulation defibrinated 
blood, which peptone had been added, through the head end 
animal interest connection with the formation anti- 
coagulant bodies this region. give the protocol. 


Experiment April 1905—Small bitch. Ether. Hot box. 
respiration. Put cannula upper end thoracic aorta and one inferior 
cava. Circulated defibrinated dog’s blood (obtained eighteen hours before and 
kept ice) from bottle through head end. 

11:22 The circulation was poor from this time. Did not tie off heart, 
but was scarcely beating. 

11:31:45. Began injection. Pupils not dilated. eye reflexes, nor any 
other reflexes. 

11:35. neck muscles the wound which was going when 
the artificial circulation was begun stronger. Pupils same before. Tongue 
has poor circulation. Artificial respiration was now stopped heart was 
not beating. 

11:43. Temperature thorax 33.5° The blood, although stirred 
came out the venous cannula and always strained before being reinjected, has 
clotted the wound and doubt the blood vessels also. 

Interrupted circulation get rid clot. 

11:56:30. Started circulation again. Twitching the neck muscles had all 
disappeared the interval. secretion saliva. 

12:05 Circulation now good for the first time. 

12:07. Tongue excitable direct stimulation but needs strong shocks. 

12:10. Drew off tube blood (1) from the venous cannula. 

12:24. Added about ten grams Witte’s peptone 0.9 per cent. sodium chlo- 
ride the blood the artificial circulation. 

12:35. Tongue still responds strong stimulation. 

12:38. Stimulated the vago-sympathetic. effect eyes. Direct stimula- 
tion neck muscles causes strong contraction. Similarly with the cesophagus. 

12:39. Took off another specimen blood (2) from venous cannula. 
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12:51. Stimulation the accelerantes (annulus Vieussens and inferior 
cervical ganglion). effect heart. Heart had long since stopped. Direct 
stimulation the heart causes beat each time. Massage causes series 
good beats. Heart soon stopped but massage again started good beats, and on. 

12:55. Drew off another specimen blood (3) from venous cannula. 

After twenty-one hours room temperature coagulation appeared (2) 
(3). Slight coagulation (1). Object the experiment was see whether 
the anti-coagulant action peptone developed this limited circulation, but 
the blood had obviously been rendered almost incoagulable before the peptone 
was injected. 


The Substitution Other Fluids for Blood.—The value the 
various inorganic solutions media for maintaining the activity 
the mammalian brain and heart, respectively, have been considered 
separate None these fluids will sustain the activity 
the brain higher nerve centers for any length time, and all 
are ineffectual maintaining the normal activity the heart for 
more than brief period. Certain points the action these 
fluids upon other organs systems, and particularly their efficiency 
compared with blood will presented here. 

The effect these solutions maintaining the reflexes shown 
the following protocol. will noted that the results are less 
satisfactory than when defibrinated blood used. 


Experiment February 27, male cat. Ether. Kept hot box 
prevent cooling. 

2:05 Put cannula central end right carotid artery and bled 
animal. 

2:10. Finished bleeding. Drew off about c.c. blood. Defibrinated 
and mixed one part blood with eight parts Locke’s solution. Maintained 
artificial respiration. 

2:38:30. Ligated aorta. 

2:42:30. Ligated inferior vena cava, after elevating hind end, squeezing and 
bandaging abdomen. The heart, which after ligation the aorta had been 
beating rather feebly, was once strengthened. Ligated right and left sub- 
clavian veins and arteries. 

2:58. Slight light reflex left pupil. Fair corneal reflex. 

2:59. Interrupted circulation ligatures under innominate and left sub- 
clavian arteries. Corneal reflex disappeared seconds, lid reflex 
seconds. 

3:01:15. Still strong spontaneous respiratory movements. 

3:01:45. longer any spontaneous respiratory movements. 

3:02. Pupils widely dilated. light reflex. 

3:06. Removed ligatures from innominate and left subclavian arteries. 

3:08. Strong spontaneous rhythmical respiratory movements. Began injec- 
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tion blood mixture into central end aorta, but injection failed because 
clot the aortic cannula; removed clot. 

3:10:30. Began injection blood mixture. 

3:11. Heart stopped. Kept circulation heart massage. 

3:15. Stopped injection. 

3:20. return eye reflexes yet. 

3:28. was now seen that the left carotid had been included ligature 
about left subclavian, and blood had been passing through since 2:51 

3:29. Stopped massage heart. 

light reflex. Released left carotid from ligature. 

3:32. Began massage heart again, and injection blood 

3:36. Stimulated left vago-sympathetic; perhaps slight opening eye. 

3:38. Stimulated left vago-sympathetic. Undoubtedly some openeing eye. 

3:40. Stimulated vago-sympathetic. Some opening eye. 

3:45. Started massage heart after interval four minutes. Added 
adrenalin blood mixture and began injecting it. 

3:48. Stimulated left vago-sympathetic. effect eye. now much 
easier maintain good blood pressure than before the adrenalin was added. 
Very slight and slow massage the heart suffices. The heart even gives feeble 
beats, although has been quite motionless before. Beats seem syn- 
chronous with artificial respiration. 

3:52. Stimulated left vago-sympathetic. change eye. (Esophagus 
contracts strongly during stimulation. (The nerve was tied but not divided, and 
was stimulated central the ligature.) Neck muscles now excitable. 

4:08. Stimulation vago-sympathetics gives effect eye either side. 
Direct stimulation eyelids causes them contract strongly. Good secretion 
saliva seems going on. Tongue excitable. trace rigor head 
end animal. Stimulation axillary nerves left side causes strong con- 
tractions muscles fore-limb. Did not try right side. 

4:15. Stimulated cortex cerebri left side. movements fore-limbs 
nor any eye movements. change pupils. Pushed electrodes down one 
and one-half centimeters into the brain (to strike fibers corona radiata). 
effect stimulation. strongest currents produced effects. 
tion axillary nerves now ineffective both right and left sides. 


Artificial necessary condition for the life 
the tissues sufficient supply oxygen. Inasmuch 
animal apparently dead incapable oxygenating its own blood, 
some form artificial respiration becomes necessary. 

Artificial respiration manipulation the thorax has proved 
little value any serious accident with the gen- 
eral, ether the used, one may usually resuscitate 
animal, dog, for example, the thoracic manipulation begun 
immediately after the last gasp but before the heart has ceased 
beat, and continued about the normal respiratory rate until spon- 
taneous respiration again established. Owing the laxity 
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the pectoral muscles, movement the fore-legs, alternately draw- 
ing them above the head and pressing them downwards against 
the ribs useless serious case. Sudden, firm pressure applied 
the sternum and the ribs either side bend the ribs 
and costal cartilages well in, and sudden release has proved more 
efficient our experiments. objection this method that 
often results injury the lungs from too violent compression 
the thorax. Rhythmical inflation the lungs means 
pump compressed air the most effective method have 

tried. Care should taken not inflate the lungs too strongly, 
the increased resistance caused thereby the pulmonary vessels 
may sufficient stop feebly beating heart, rupture the 
pulmonary alveoli may occur. Our technique for artificial respi- 
ration was given our first resuscitation, and will 
not, therefore, into further details here. 

certain experiments the cardiac nerves which was 
necessary keep artificial respiration because opening the 
thoracic cavity, observed that ether might administered long 
after the respiratory movements had ceased without seriously affect- 
ing the heart. The tissues became cyanotic and the blood pressure 
fell very low, but discontinuing the use the anzsthetic, the 
heart recovered soon the blood became well oxygenated. 

The possibility affecting the heart directly, even start- 
ing beats, artificial respiration shown the protocol, just 
quoted, the experiment February 27, 1905, which the beats 
were apparently synchronous with the artificial inflation the 
lungs. have often found that artificial respiration alone 
sufficient restore activity heart almost stopped from ether 
and particularly from asphyxia, considerable time 
after respiratory movements have ceased. efficiency arti- 
ficial respiration alone starting heart almost stopped from 
asphyxia still more strikingly shown the following condensed 
protocol. 


Experiment March 1905. Young male cat,. about two-thirds grown. 
Ether. 

10:24 Occluded head arteries. Eye reflexes and respiratory move- 
ments gone seconds. 
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10:25:20. gasping movement. 

10:26:40. Respiratory gasp. These gasps have occurred intervals 
minute and seconds). 

10:27:20. Released head arteries. Put glass tube into the larynx. 

10:29. Began artificial respiration. heart beat perceptible this time, 
that really the interruption the circulation was total for three minutes 
and twenty seconds, and must have been almost total for one minute and forty 
seconds more. Heart soon began beat well. 

10:34:10. reflexes (corneal light). movements any kind. 

10:38:35. gasp. Pupils, which were widely dilated, are getting narrower. 
Subsequent recovery rapid. 


The Resuscitation the Heart. 


have studied the resuscitation the heart more extensively 
than any other organ system, with the exception the central 
nervous system, and the sine qua non the resuscitation 
entire animal, will consider first all. has been 
found that certain influences and modes death are more injurious 
the heart than others, thus rendering resuscitation the animal 
more difficult, shall consider the various modes death sepa- 
rately. 

The Criteria Heart have already mentioned, 
the survey previous work, that the cessation the oscilla- 
tions mercurial manometer, the failure the carotid 
other pulse, uncertain means telling whethor not the 
heart has stopped. our experiments the heart has been exposed 
freely that the base was easily visible, but mechanical stimulation 
the organ was carefully avoided. The length time elapsing 
between the cessation the external pulse and the complete stop- 
page the heart given under the various modes causing the 
death the animals. 

rule, the stoppage the heart accompanied convul- 
sive movement other outward manifestation the part the 
animal, but that heart stoppage may occur without any such out- 
ward sign shown the two experiments cited below. 

Experiment May 27, 1905—Adult male cat. Tube larynx. 

cerebral circulation. respiration when necessary. 


8:07 Rectal temperature 38.2° 
8:21. Cornea rather slack. Pupils about half maximum diameter. 
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8:28. Pulse 209 the minute. 

9:06. Stimulated the left brachial plexus through skin that side. Strong 
tetanus left forelimb. Pulse 187. 

9:28. Stimulated right vagus continuity. Stops heart once, and causes 
maximum dilation the pupil, bulging the eye and retraction the 
nictitating membrane. Repeated with same result. Muscles the neck are 
excitable direct stimulation. Rectal temperature 38° 

9:47. Right eye still bulging widely, pupil maximum. Nictitating membrane 
retracted before. Pupils and membrane have not come back normal since 
stimulation vagus. (Suggesting that contraction the pupil half 
mum diameter, previously observed, might not have been due oculo-motor 
tone.) Left eye same before. 

9:56. Right eye now bulging less; pupil diminished somewhat, but not 
what was before the stimulation. Nictitating membrane partly protruded, but 
not much before stimulation. 

10:15. Heart cannot felt. Opened chest and found not beating, not 
even auricle moving. There was convulsion, nor movement any kind 
indicate what time stopped. Stimulation phrenic nerve still causes 
contraction the 


might supposed that, account its great length, this 
was unusual experiment, and that similar result would not 
obtained under other conditions where the spinal centers were not 
profoundly exhausted. That this not the case shown 
the following experiment, which heart stoppage occurred within 
relatively short time after the release the head arteries. Both 
experiments show the unreliability outward signs 
indication the actual condition the heart. 

Experiment May 29, male cat. Ether. Tube larynx. 
Artificial respiration. 

2:50 Occluded head arteries, usual way. 

3:31. Released head arteries. 

3:52. Pulse 150. tension increased. Pupil little 
maximum. 

3:59. Rectal temperature 35° Pulse 162. 

4:20. Noticed that the heart had stopped. muscular contractions an- 
nounced the time which this occurred. Tried massage through chest, but 
although the heart was felt slipping and down between the fingers, could 


not started. The pupils became narrower however. Opened chest, and 
found the heart quite motionless. 


After Death from Asphyxia, Drowning, have studied 
the resuscitation this form death more detail than other 
forms, and will therefore consider detail, reserving for sub- 
sequent sections only the more important differences, the technique 


employed and the results obtained resuscitation after other forms 
death. general, may say that resuscitation appears 
easier after asphyxiation than after other modes death. 
Hemorrhage and tend make resuscitation more 
cult than after asphyxia alone. order increasing difficulty 
resuscitation would rank the forms death (1) asphyxia, 
(2) anesthesia, (3) hemorrhage, (4) electrocution, the action 
upon the heart. 

nearly all cases the etherized animals were asphyxiated 
clamping the trachea. The blood pressure falls zero plus the 
residual pressure, within three five minutes after the trachea 
closed, and oscillation can detected mercury manometer 
connected with the carotid. direct inspection, the auricles, and 
more particularly the right auricle, may seen beat for five 
ten minutes even longer. 

two experiments piece sheet rubber was tied firmly over 
the nose and mouth the unanesthetized animal. 

Drowning was accomplished immersing the head the 
anesthetized animal water. 

Hemorrhage was sometimes allowed occur case asphyxia, 
and invariably rendered resuscitation more difficult than after 
asphyxia alone. 

Resuscitation the Heart Direct Intra-thoracic Massage. 
—This form massage, shown the increase blood pres- 
sure, and the relative certainty with which the heart started 
beat more efficient than other forms. The heart may started 
ten fifteen minutes even longer after cessation the external 
pulse. When the aorta occluded confine the circulating 
blood the anterior part the animal, have obtained resus- 
citation cats late forty-four minutes after cessation the 
external pulse. Prus reports case resuscitation the heart 
dog after direct massage had been employed for two hours. 

Doubtless this form massage also facilitates the removal 
waste products from the heart does from the skeletal muscles. 

The prompt recovery the heart result direct massage 
after clamping the aorta shown the following experiment. 
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Experiment March 18, 1905, Direct Ether. 

11:28 Occluded head arteries. 

11:40:45. Released head arteries. Gave ether, animal was apparently 
conscious. Soon after this animal stopped breathing. could not felt. 
There was certainly circulation the brain for from minutes, and 
respiration, addition partial anemia during occlusion. Opened chest, 
clamped aorta and started artificial respiration. 

12:05. Heart started again massage. Artificial respiration kept up. 
Heart massage continued intervals when heart needed it, compression ven- 
tricles being made the moment when they were felt beginning their 
contraction. Soon massage was unnecessary. 

12:20. Pupils still maximum dilation, eyes wide open; light reflex. 
Heart beating well. 

12:25. Tears are being secreted, and pupils are somewhat less. Left room. 

12:43. returning cat found gasping. Pupils distinctly less. 


modified form intra-thoracic massage consisted producing 
rhythmical changes pressure within the pericardial sac. wide 
cannula was tied into small opening the parietal pericardium, 
connected with pressure bottle rubber syringe, the whole 
being filled with salt solution warm olive oil. rhythmically 
raising and lowering the bottle, compressing the syringe, the 
intra-pericardial and therefore the endo-cardial, pressure was alter- 
nately increased and diminished. was supposed that this would 
less injurious the heart than long continued massage with the 
fingers. The results were unsatisfactory. 

Efficient the method manual massage is, there are obviously 
two objections: the large chest wound, with the attendant risk 
infection, and the danger actual mechanical injury the heart. 
Many attempts have therefore been made start the heart without 
recourse opening the thoracic cavity. 

Extra-thoracic Massage.—Rhythmical compression the thorax 
over the heart means the hands has given fairly good results 
certain stages the heart stoppage; the time when such massage 
effective is, however, much too limited make the method 
sure one. Rhythmical compression the thorax efficient 
from three five minutes after the cessation the external pulse, 
but probable that every case successful resuscitation 
this method, the heart has not entirely ceased beating. Where 
have been sure that the heart has stopped entirely, although for 
the briefest interval, extra-thoracic massage alone 
useless. 


The degree efficiency extra-thoracic massage favorable 
cases appears from the subjoined protocol. 


Experiment May 21, Ether. Tube larynx. 

11:59 Occluded head arteries. 

12:40:50. Natural respiration stopped. gasps after this. 

12:05:15. Released head arteries. beating well. 

12:08:20. Gasps began. 

12:14. light, lid, corneal ear reflex. Tube slipped out larynx. 
Respiration interrupted for three minutes. end that time the pupils were 
maximum dilation. Massaged chest. heart beat can felt. Cat seems 
dead. 

12:25:20. Heart now felt for the first time. Artificial respiration 
rupted until 12:26. 

12:26. Artificial respiration was again started. Massage chest con- 
tinued uninterruptedly. 

12:28. Heart now felt. Beating well. 


Often faithful trial extra-thoracic massage has failed 
start the heart. nearly all these cases direct massage has 
afterward proved effective. cite one experiment. 


Experiment March 23, adult male cat. Ether. Tube 
larynx. Paralysis respiratory center from ether. respiration started 
without result. 

2:18. Heart could not felt all. pulse carotid (exposed 
neck wound). Pupils widely dilated. All reflexes gone. Kept vigorous 
massage the chest for twenty-two minutes, elevating hind end animal and 
trying compress abdominal aorta, with the hand, through the abdominal wall. 
(Compression tried after massage had been continued for ten minutes without 
result.) return the heart beat occurred. pulse whatever visible 
the carotid. respiration had been kept all the time. 

2:40. Opened chest, clamped aorta and massaged heart directly. soon 
started, but not very strongly. After little time, the ventricles began fibrillate 
while the auricles still beat fairly well. 

2:42:30. Pupils have become somewhat smaller. 

2:45:30. Heart beating fairly well, although not well most the 
previous similar experiments. The fibrillary contractions are gone. (The 
abdomen had been opened the same time that the aorta was clamped, and the 
intestines, kidneys and other viscera freely manipulated.) 

3:08. Heart which had become very poor (e. g., the ventricles beating only 
once for two auricular beats) was restored massage and now beating well. 

movement seen, viz., twitching the skin over right shoulder. 
The twitching superficial (platysma myoides) shown cutting through the 
muscle and exposing the deeper ones. Later on, the deeper ones began 
twitch also. 


Rhythmical compression the thorax large dog nec- 
essary rate for resuscitation exceedingly laborious and often can 
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not kept for sufficiently long time. attempt was made 
devise machine for this purpose. the development and 
testing this Professor Kessler was associated. Fig. 
shows the arrangement. Fair results were obtained with this ma- 
chine, although not good results manual compression, 
far increase arterial pressure produced before the heart 
concerned. The anticipated advantage indefinitely long 
massage was realized some extent. 

The relative efficiency manual massage, rhythmical distension 
the pericardial sac and mechanical massage will made 
ciently clear from the following condensed protocol. 


Experiment February 1904.—Young dog weighing ten kilograms. 
jection subcutaneously c.c. 0.2 per cent. solution morphia; 
mixture. Respiration became rapid and shallow, and ceased within about 
twenty minutes after giving the mixture, and about five minutes after 
inserting the tracheal cannula. Heart massaged through the chest wall. Respi- 
ratory movements soon returned. Stopped massage. beats and respira- 
tion soon stopped. eye reflexes. This procedure was repeated twice. 

Now tried mechanical massage with machine. Results were similar the 
preceding. 

Now opened chest and massaged heart directly. Good carotid pulse obtained. 
Elevated hind part animal and connected the carotid with manometer. 
blood pressure mm. resulted without massage; this pressure was doubled 
direct massage, but pressure above mm. could obtained rapid 
massage. Clamped aorta. Blood pressure now somewhat higher. 

Stimulated accelerators left side with moderately strong tetanizing current 
from inductorium. Slow rhythmical beats occurred near the apex the 
ventricles lasting about one two minutes. Close inspection showed beats 
and fibrillary contractions prior this. 

Tried massage with machine. The effect upon blood pressure and pulse 
was not good that obtained manual massage. 

Tied cannula the pericardium and connected with syringe filled with 
water. Rhythmic pressure the syringe produced only low blood pressure 


and poor pulse. 

Intra-venous and more dis- 
appointing than the deportment the heart following injection 
0.9 per cent. sodium chloride Locke’s solution into the carotid 
artery jugular vein. The heart remains immobile before, 
fibrillates little before going into rigor; the injected fluid slowly 
but surely distends the right auricle injected into vein, and 
escapes into the peritoneal cavity and also into the lungs, giving 
rise pulmonary cedema which would, itself, prove fatal. But 
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quite apart from the cedema the occasional rigor produced the 
ventricles, the presence the vessels such great quantity 
fluid usually injected would likely overtax the heart, 
even began and unconfined injections 
fluid are, therefore, worse than useless. This agrees, general, 
with Crile’s experience. 

The suddenness the onset, and the severity this cedema, 
even before the death the animal, are shown the following 
protocol typical experiment, which also some data the 
persistence the reflexes are incorporated, order show the 
effect artificial fluids maintaining the activity the higher 
centers. animal whose heart has stopped from previous 
asphyxia, the cedema even worse. 


Experiment February 20, 1905.—Adult male cat. Ether. 

2:28 Put cannula central end right carotid, connected with 
manometer, and began blood pressure tracing. 

2:35. Disconnected cannula and drew off blood from the right 
carotid; then again connected cannula with manometer. 

2:50. Tied aorta and put cannula central end. Bandaged abdomen and 
elevated posterior end cat. Kept artificial respiration. 

3:10. Tied inferior vena cava and put cannula its central end, 
able draw off blood from right heart and restore pressure bottle 
necessary. 

3:12. Tied right subclavian artery and vein. 

3:15. Tied left subclavian artery and vein. Corneal reflex still present. 

the interval, the vago-sympathetic trunk was stimulated the neck, and 
both central and peripheral effects obtained. 

3:33. Began injecting mixture one part defibrinated cat’s blood and ten 
parts warmed Locke’s solution. Allowed about c.c. run in. 

3:35. Corneal reflex gone. Swallowing movements present. Pupils very 
much constricted (showing activity third nerve center). Much liquid (largely 
saliva?) flowing from nose. 

3:48. Swallowed. Heart beating strongly. 

Central and peripheral effects stimulation vagus, and dilation pupil 
stimulation sympathetic neck, obtained several times. 

4:06. Began injecting blood mixture. 

4:13. Stopped injection. Eyelid reflex back left eye, but not right eye. 
Pupil left eye less dilated than right (whose carotid artery tied). 

4:15. Lid reflex got left eye distinctly touching upper lower lid. 
Corneal reflex absent. Secretion still rapidly escaping from nose and mouth. 

4:18. Lid reflex increased left eye, but left pupil now dilated widely 
right. Pupils soon became insensible light, although the corneal reflex per- 
sists for some 

Began injecting blood mixture again. Corneal reflex still present, and 


persistence vagus effects, both peripheral and central, although latter gave 
rise pressure instead fall. 


4:42. Stopped injection. Artificial respiration stopped see any asphyxial 
rise blood pressure would occur. rise pressure, very little. 
lid reflex eye. 


4:44. Started artificial respiration again. Slight rise blood pressure. 


4:45. Began injecting again. Great rise blood pressure and increase 
force heart beat. 


4:49. Stimulated upper end right and left vago-sympathetic nerves. The 
already widely dilated pupils dilated still more. 

was seen that, soon after the recommencement artificial respiration, 
intense pulmonary cedema came on, and frothy, bloody liquid rose the tracheal 
cannula. The tissues the neck also seemed rather suddenly become cede- 
matous. Apparently, the short period asphyxia had injured the cells 
the capillaries that they became more permeable the liquids the blood 
mixture. There was trace cedema the neck before, and the circulation 
had never been totally interrupted before the asphyxia. 


From consideration the conditions necessary for the restora- 
tion the excised heart, may gain some idea the conditions 
which must fulfilled order bring about the restoration 
the heart situ. efficient, the injected fluid must pass 
through the coronary arteries, and maintain therein pressure suffi- 
cient cause contractions the heart. not necessary for the 
injected fluid enter the chambers the heart although has 
been shown that the pressure blood the chamber will cause 
some activity the mammalian heart. The practical problem 
inject the fluid into the aorta such way that shall through 
the coronary arteries. 

have accomplished this result means sound near the 
lower end which distensible rubber sac. The sound intro- 
duced through one the carotids into the aorta that the end 
between the opening the innominate and the semilunar valves. 
The rubber sac distended means syringe connected with 
occlude the aorta above the end the sound. The in- 
jected fluid then forced into this confined space against the semi- 
lunar valves, and through the coronary vessels. The fluid grad- 
ually withdrawn from the distended sac, and the blood allowed 
flow past through the aorta the heart begins beat. The 
sound finally withdrawn, the heart continuing beat sponta- 
neously. 
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The fluids best adapted for injection are defibrinated blood and 
serum diluted with one five volumes 0.9 per cent. sodium 
chloride solution, and the milk preparation described previous 
There much less cedema when the blood and its dilu- 
tions are used than when the fluids containing the inorganic salts 
alone, with the addition dextrose, are employed for injection. 

More recently has accomplished resuscitation the 
heart situ four rabbits injecting (Locke’s solution 
which adrenalin chloride was added) into the aorta through sound 
introduced into through the carotid artery. used arrange- 
ment for blocking the aorta. reduce the pressure the right 
auricle, blood was withdrawn through urethral cannula introduced 
into through the right jugular vein. Under these conditions, 
Herlitzka says that the path least resistance lies through the 
coronary vessels rather than through the systemic circulation, 
the right auricle. The heart, consequence the establishment 
the coronary circulation, begins beat. 

The necessity maintaining suitable blood pressure order 
maintain the activity the heart situ, even when has not 
been previously stopped, when has been beating regularly and 
well for considerable time after such stoppage has not been suffi- 
ciently recognized, and quote the following experiments 
bearing this point. 

The first experiment shows the effect increasing the blood 
pressure, without any other remedial agency, heart which had 
rapidly weakened under low blood pressure, and also the beneficial 
effect clamping the aorta, thereby increasing the blood pressure, 
starting the heart direct massage. 

Experiment March 20, Ether. Artificial respiration. 

3:15 Head arteries occluded. 

3:22:30. Stopped artificial respiration. Natural gasps also stopped. 

3:24:45. Again started artificial respiration. Pupils are dilated. Massaged 
heart (with unopened chest) and kept artificial respiration. did not 
start, nor was any sign life restored, although the massage was vigorous 
and continued for long time. Then opened chest and massaged heart directly. 


Heart did not start. Then clamped thoracic aorta and massaged heart directly. 
Heart started under massage. massage intermitted heart stops 


Amer, Jour. Physiol., 1907, xviii, 
Herlitzka, Arch. ital. biol., 1906, xliv, 93. 


after few beats. necessary keep massage until the heart beating 
well (so fill the coronary arteries may suppose). then went 
beating vigorously without attention. Artificial respiration kept all along. 

4:07:30. First sign life seen (observations made very short intervals 
eye reflexes, ear reflexes and forth) namely, slight twitching tongue 
and immediately after slight twitching right corner mouth. Then immedi- 
ately good strong respiratory gasp, involving the shoulders. More movements 
the same kind succeed and increase strength. 

4:25. Corneal and lid reflexes back; also light reflex. 

4:30. Stimulated left vago-sympathetic. Heart stopped, left eye bulged 
greatly, pupil dilated. effect right eye when left vago-sympathetic was 
stimulated. 

Heart beating well. doubt the experiment could have been continued, but 
wished see whether, when the aorta was gradually released, the heart 
would still continue beating. 

4:31:30. Partially released clamp aorta, and then entirely. Elevated 
hind end cat. 

4:33. Heart slowing down and weakening. Corneal reflex gone. Pupils 
markedly dilated. 

4:34. Compressed aorta again. Heart once accelerates and improves 
beat. 

4:36. Released aorta again. Heart gets weaker. Elevation hind end has 
little effect, except that heart fills better. 

4:38. Clamped aorta. Heart had almost stopped. Ventricle soon gets 
stronger, but heart was too exhausted now and experiment was stopped. 


The second experiment quoted shows the effect gradually 
opening the abdominal circulation moving the clamps lower 
and lower until the splanchnic vessels are reached. 


Experiment March 29, grown female cat. Ether. Trache- 
otomy. Artificial respiration. Thorax opened. 

1:40:15 Clamped aorta just above intercostals. 

1:41. Clamped head arteries. 

2:01. Released head vessels, leaving clamp aorta. Heart stopped for 
beat two when clamp was taken off head arteries, but afterwards started up. 

2:06. gasp. 

2:06:20. Another gasp. Then respirations regularly, five the minute. 

2:08. Respirations six minute. Both fore limbs, ribs and neck move the 
respiration and fact all the muscles which have circulation. Pupils 
dilated maximum. eye ear reflex. 

3:18. Strong light reflex. Contraction pupil. 

3:20. Stimulated left phrenic nerve. contraction diaphragm. Re- 
peated; same result. Stimulated the diaphragm; fair contraction. Stimulated 
intercostal muscles; got contraction. Diaphragm does not contract the natural 
respiration induced stopping the artificial. Fore limbs quite excitable reflexly, 
and extended. 

3:25. Stimulated upper end brachial nerve. Strong reflex contraction 
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the opposite fore limb, and neck both sides. Stimulation peripheral 
end causes strong contraction the limb. 

3:31. Partially released the aorta. soon begins weaken and slow. 
Clamped aorta again thorax; heart improved. 

3:35. Clamped abdominal aorta just below the diaphragm above all branches 
given off below the diaphragm. 

Took clamps off the thoracic aorta. Heart goes beating before. 

3:38:30. Put clamp abdominal aorta above the kidneys. Took off upper 
clamp. Liver now getting plenty blood, becoming red once; also in- 
testines. Heart goes beating well before. Head respiratory movements 
are going on. Pupils well contracted but light reflex. 

3:43. Slight spasms, after which the pupils are dilated. 

3:44. Snapping movements jaws. Pupils are still widely dilated although 
not widely before. Clamped abdominal aorta above level the renal 
vessels. 

3:45. Took off upper clamp. The intestinal vessels are widely dilated and 
filled with blood. Spasms forelimbs. 

irregular since last removal clamp. Now took off the 
lowest clamp and compressed hind limbs. Heart gets slower and weaker. 

3:50. Now clamped thoracic aorta about level middle intercostals. Heart 
immediately began beat more rapidly but soon got slow again. 

3:55. Stopped artificial respiration. spasms. intestine not exe- 
cuting any movements. Stimulation intestines has effect. The same 
true for urinary bladder, which already strongly contracted and empty, for 
ureters, Fallopian tubes, and for muscle abdominal wall. 


The slow but certain failure the heart when the blood pressure 
lowered shown the third experiment quoted. 


Experiment March 30, 1905.—Cat. Ether. Artificial respiration. 

10:48 Opened chest. 

10:52. Clamped head arteries. 

10:53. Clamped aorta below origin left subclavian. 

11:17:30. Released head vessels. Heart beating poorly. Massaged 
occasionally. Heart beats poorly, fibrillating little and requiring occasional 
massage keep going until 11:57 

11:57. Heart now beating well. The animal continued good condition, 
the reflexes returning and the heart continuing strong. 

12:44. Corneal reflex back. 

12:53. Took clamp off aorta. once the nose and tongue which have 
been red become pale and the pupils dilate somewhat, especially the left. 

12:55. Light reflex present. Gasping respirations start and now 
regularly, eighteen minute. previous therefore, was associated 
with good blood supply the head apparently, the blood pressure must 
lower now with the whole animal under circulation after anemia the 
secondary vaso-motor centers the dorsal and lumbar cord. 

1:32. Circulation still going on. Stimulated sciatic. Fair contraction 
corresponding hind limb. 

1:40. Pupils found widely dilated. Heart stopped some time ago. Massage. 
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1:42. Heart beating feebly. 

1:45. Abandoned experiment. 

none these experiments could objected the heart had 
not recovered after starting direct massage, after the weak- 
ening which such constant accompaniment cerebral anzemia. 
The chemical conditions were undoubtedly good, far nutri- 
tive value the blood and its content inorganic salts and oxygen 
were concerned. The physical condition the heart was also 
good. But neither the blood nor the heart itself was able over- 
come the wide effects disturbing one physical factor the 
problem—the blood pressure. This point will considered again 
the portion the resuscitation the vaso-motor mechanism. 

Injection into Coronary action the various 
fluids the excised mammalian heart, together with the conditions 
its has been discussed another paper. Blood is, 
course, the best. Next this come dilutions blood with salt 
solution, the serum and dilutions serum. Not very far behind 
serum comes milk prepared follows: Milk was diluted three 
four times with 0.9 per cent. sodium chloride solution after precipi- 
tation the caseinogen with hydrochloric acid and making the 
filtrate slightly alkaline with sodium carbonate. Solutions the 
inorganic salts are far inferior any the above. give the 
best results, the fluid should, course, the normal tempera- 
ture the blood. 

The comparative effects Locke’s solution, and mixture 
blood plus sodium chloride solution, the same heart varying 
times after its excision are shown the accompanying protocol. 
will noted that, the interval after death grows longer and 
the heart ceases nourish itself well, the fluids become more nearly 
equal their ability elicit beats. may that the effects pro- 
duced the fluids this time were purely mechanical, and such 
might produced perfusion the heart with mercury, oil 
hydrogen 

Experiment February 27, the cat used February 
was still the ice February had been isolated immediately after 


Guthrie and Pike, Amer. Jour. Physiol., 1907, xviii, 14. 
Magnus, Arch. fiir exper. Path. und Phar., 1902, 
Amer. Jour. Physiol., 1906, xv, and Pike, 1907, xviii, 14. 
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stopped beating and perfused with Locke’s solution made with calcium chloride 
not corrected for water crystallization. immediately began beat and 
continued beating well. Then stopped perfusion and allowed the heart 
cease beating. This did less than ten minutes. Then perfused with 
Locke’s solution which the amount calcium chloride added had been 
corrected for water crystallization. began beat once and continued 
well with the other Locke’s solution. difference could seen. 

Then stopped perfusion and let the heart stop beating. Now perfused with 
mixture one part cat’s blood ten sodium chloride solution. beat 
more strongly than with either the Locke’s solutions. The pressure all 
these perfusions was about sixty mm. Hg. the perfusion bottle and tempera- 
ture liquid the bottle and that the heart was from 32° Put 
heart the ice box. Sixteen hours later took out and perfused again with 
Locke’s solution under the same conditions temperature and pressure. 
end about fifteen minutes began beat, the ventricles little below the 
groove beating more strongly than the auricles. The beats were much feebler 
than the previous day. Tried now perfusion with the blood mixture—same 
mixture was used the day before. Got the same kind beats with 
Locke’s solution. noticeable difference strength. 

February 23, forenoon, perfused the heart again with mixture cat’s 
blood not perfectly fresh. beats appeared even after two three hours. 

Put the heart again the ice chest and kept there until February 
forenoon. had now slight putrid odor. 

February 27, Perfused with Locke’s solution. beats what- 
ever could gotten. Perfusion kept more than one-half hour. 

Perfused heart with mixture cat’s blood, fresh, and Locke’s 
solution, one part blood eight Locke’s solution. beats could 
gotten, not even the The same blood mixture causes good beating 
fresh isolated heart the cat obtained one hour after had stopped beating 
situ. 


The Effect Adding Drugs the Injection Fluid.—Adrenalin 
and suprarenal extract have been injected resuscitation experi- 
ments number workers, probably first us, and very soon 
after Crile. Adrenalin slight value cases where the 
thoracic aorta occluded, unless massage also used. With mas- 
sage, when employed without occlusion the thoracic aorta, adren- 
alin considerable value. Care must taken not use exces- 
sive quantities the adrenalin, order avoid overstimulation 
the heart and consequent fibrillary contractions. 

have tried the effect direct intra-muscular injections 
suprarenal extract upon the heart one experiment. 

Experiment April 19, cat. Killed etherization and bleed- 
ing 4:47 Heart left situ. Injection Locke’s solution into the 


aorta beginning 5:04. The heart was kept beating until 5:22, when emboli 
were observed coronary arteries near base ventricle. 


The suprarenal glands cat used previous experiment this day 
were removed and ground mortar with Locke’s solution. 

5:35. Now injected suprarenal extract into the muscle the ventricles. 
Strong contractions follow without diastole. 


resuscitation entire animal. 

The effect adrenalin when added the circulating fluid when 
the heart beating feebly shown the protocol the experi- 
ment February 27, 1905, cited above. early experiment 
adrenalin shows the uselessness unconfined injections, even when 
adrenalin added, and the impotency adrenalin chloride itself 
starting the heart. 


per cent. morphine sulphate. 

3:15 Anesthetized with A.C.E. mixture. Tracheotomy. 

3:25. Drew off 100 cc. blood. Connected manometers with carotid 
artery and external jugular vein. 

3:55. Arterial pressure good. Pressure right external jugular base 
line negative. Began opening chest. 

4:01. Artificial respiration. Stimulated heart directly with induced current 
one minute. Marked fibrillary contractions result. 

4:05. Respiratory movements still persist. 

4:07. pulse visible. Respiration ceased. 

4:08. Heart still fibrillating. Applied adrenalin surface. 

4:14. respiration. Injected c.c. mixture 100 c.c. 0.9 per 
cent. sodium chloride and c.c. 1000 adrenalin chloride. 

4:15. Heart still fibrillating. 

4:16. c.c. adrenalin injected. 

Pressure unchanged jugular vein. Injected c.c. adrenalin. 

4:19. adrenalin injected. Ran with very little pressure. 

Pulse 130 minute and feeble. 

4:26. Stopped artificial respiration. 

4:37. Injected 250 c.c. adrenalin solution. 

4:39. Fibrillation heart still feeble. indication rigor. Experi- 
ment discontinued. 


Digitalein, which was used rabbits only, gave results similar 
those following the administration adrenalin. The effect was 
more enduring than that adrenalin, and the drug seemed, there- 
fore, better adapted the purpose. 

Barium chloride was employed few experiments, but was 
abandoned too dangerous and too uncertain. The regulation 
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the dose difficult and the secondary injurious action upon the 
walls the blood vessels serious objection its use. 

Hydrogen peroxide, mixed with adrenalin and Locke’s solution, 
has been used successful resuscitations, but impossible say 
what degree the success was due the peroxide. 

Bandaging the limbs and abdomen, and particularly the latter, 
considerable value, owing the intitial increase the return 
the blood the heart cases hemorrhage, but doubtful 
value where there has been hemorrhage. When the blood 
volume undiminished, relatively easy produce over-disten- 
sion and standstill the right auricle increasing the return 
blood it. course the diminution the total vascular capacity 
tends raise the blood pressure. The maximum increase pres- 
sure produced any ordinary bandaging is, course, distinctly 
less than that produced compression the aorta. 

The position the body much importance, particularly 
where massage alone without intra-vascular injection 
have thought that the advantage which experiment has clearly 
shown connected with the left lateral position might asso- 
ciated with the easier return the blood the heart and possibly 
with more favorable position the ventricles for massage. The 
optimum position, rule, attained placing the animal the 
left side and slightly elevating the posterior part the body. 
When there has been hemorrhage too great elevation the pos- 
terior part the body may easily cause over-distension the right 
auricle and make resuscitation more difficult. number 
experiments increase venous pressure corresponding from 
mm. blood was sufficient stop the right auricle. For 
example, the experiment March 1905, quoted above, closing 
the outflow tube the inferior vena cava stopped the auricular 
beats without affecting the rhythm the superior vena cava. 

Drugs introduced into the circulation can act upon the heart only 
when carried the blood stream. obviously useless 
try start the heart which has completely stopped subcuta- 
neous injections drugs. The addition drugs which have 
local action the heart fluids injected into the aorta may well 
have beneficial effect. case the quiescent heart, drugs which 


may beneficially affect the heart directly through its central nervous 
mechanism, g., accelerator mechanism, indirectly raising 
peripheral vascular resistance can only exert their action cardiac 
massage combined with injection fluid containing the drugs. 
Adrenalin chloride any other drug which will constrict the 
arterioles, will service increasing the arterial pressure and 
filling the coronary vessels. 

general, the mechanical methods for raising blood pressure are 
surer and more easily controlled than the methods involving the use 
drugs. This agrees with Crile’s observations the treatment 
surgical shock. 

Electrical Stimulation the Cardiac Nerves and the Heart.— 
has been shown one that stimulation the 
augmentor nerves the frog capable rousing completely 
quiescent frog’s heart from standstill. 

has recently stated that rhythmical beats the quiescent 
mammalian heart can caused stimulation the nervi accel- 
erantes. have often seen beats produced the hearts cats 
and dogs mechanical and electrical stimulation the stellate 
ganglion accelerator fibers. But have not been able cause 
complete resuscitation restoration and maintenance blood- 
pressure, which necessary condition for complete resuscitation 
stimulation the accelerantes alone. 

submit two condensed protocols experiments showing the 
effect mechanical stimulation the accelerators. the first 
one quoted, there can little doubt that the heart had entirely 
ceased beating before the autopsy was made. Moreover, such 
beats had persisted, they would have been noticed while the chest 
was open and the heart exposed. regard this experiment 
demonstration that the heart may caused beat stimulation 
the accelerators after has become completely quiescent. 


Experiment November 18, Occlusion cerebral arteries for 
twelve minutes. Cerebral circulation restored 11:56 Spinal cord cut 
during anemia. Artificial respiration maintained until 1:10 spon- 
taneous gasps occurred long cat was watched. return laboratory 
after lunch, there was every indication death. heart beat perceptible. 

Stewart, Jour. Physiol., 1893, xiii, 125. For other references see Stewart, 
Amer. Jour. Physiol., 1907, xx, 407. 

Arch. gesam. Physiol., 1906, 354. 
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respiration. Autopsy 2:25 M.; while stripping fascia and pleura from 
cephalic vessels, the right auricle beat vigorously once. beat again when the 
edge was pinched, with the forceps. Five beats were obtained pulling 
the fascia some distance from the heart. Further attempts were not made. 
Ventricles did not contract. 

While such long time after heart stoppage did not elapse the 
second experiment, give the protocol, since shows more spe- 
cifically than the first the effects mechanical stimulation the 
accelerators, and the effects this case extend the ventricles 
well the auricles. 

Experiment April 19, adult cat. Killed etherization and 
bleeding 3:45 Heart situ. Artificial respiration 
monary circulation left open. 

4:00. Mixture one-third defibrinated blood and two-thirds 0.9 per cent. 
sodium chloride solution injected into aorta. Auricles began beat shortly after. 

The heart beat for time, then ceased entirely went into fibrillary con- 
tractions. Luciani’s groups appeared before final cessation. 

4:19. Heart completely quiet. Pinching stellate ganglion either right 
left side causes beat the left auricle and ventricle. Right ventricle not 
observed. separate beat follows every pinch. 

The possibility maintaining heart beat and blood pressure 
electrical stimulation must therefore admitted, and the work 
while must received with some caution the 
present time, may lead important applications the near future. 
The work Mathews and Jackson® the excitation the heart 
standstill produced magnesium salts and Floresco stand- 
still produced asphyxia, showed the possibility using this 
method practical resuscitation and worthy investigation, 
but have not made any experiments it. 

Certain variations from the classical effects stimulation the 
cardiac nerves have appeared the course the experiments. 
For example, the experiment February 14, 1905, stimulation 
the accelerators caused contraction the heart small 
young dog whose blood had largely been replaced Locke’s solu- 
tion, although the interval elapsing between the time stoppage 
the heart and the time stimulation was not long the 
intervals after which successful results were obtained other ex- 
periments. Later the same experiment, when the heart was 

Floresco, loc. cit. 

Mathews and Jackson, Amer. Jour. Physiol., 1907, xix, 


being perfused with defibrinated blood, the stimulation the vagus 
caused marked strengthening the heart contractions. 


Experiment February 16, similar experiment February 16, 
1905, which about 500 c.c. blood had been removed from the carotid artery, 
stimulation the central end the cut right vago-sympathetic nerve, the left 
being intact, produced acceleration the heart. Stimulation the peripheral 
end the same nerve produced still more marked acceleration. The latent 
period before acceleration began was remarkably long, and the acceleration 
increased the stimulation was continued. The beats seemed become 
stronger also. injecting mixture two parts Locke’s solution and one 
part blood, the heart became stronger and the blood pressure rose. Stimula- 
tion the peripheral end the right vago-sympathetic nerve caused practi- 
cally effect; subsequent stimulation caused primary acceleration followed 
some inhibition, and slight fall pressure. 

The other (left) vagus trunk was then divided. Stimulation its peripheral 
end caused inhibition the heart and fall pressure. The first stimulation 
the central end caused rise pressure. Subsequent stimulation the 
central ends both right and left vagi caused fall pressure. During the 
remainder the experiment (about hour) stimulation the central ends 
the vagi nearly always caused rise pressure. four separate counts the 
rate the heart (50 seconds) was exactly the same before and during 
stimulation, although good rise blood pressure occurred after somewhat 
long latent period each instance. 


the experiment March 1905, which artificial circula- 
tion was kept up, stimulation the peripheral portion the right 
vago-sympathetic caused inhibition the beats the auricle 
and superior vena cava, but rather acceleration. 

rise blood pressure has frequently been noticed stimula- 
tion the central end the dog’s vago-sympathetic, but under 
normal conditions stimulation the central end the vagus 
cats has given, without single exception, fall blood pressure, 
with inhibition the heart the other vagus was intact. 

The Fibrillary Contractions and the Means Overcoming Them. 
troublesome feature resuscitation the heart the fib- 
rillary contractions which often appear sequel massage 
intra-arterial injections. Magrath and state that 
they have repeatedly seen the cat’s heart recover from fibrillation 
after being that condition for many minutes. suc- 
cessfully added potassium chloride the injected blood other 
fluid overcome the fibrillation the heart. some 


Magrath and Kennedy, Joc. cit. 
loc. cit. 
Herlitzka, loc. cit. 
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cases used adrenalin chloride for this purpose, with considerable 
success. experiments the excised heart, where injection was 
made directly into the coronary artery, had little difficulty with 
fibrillation. have often encountered fibrillary contractions 
during massage the heart situ, but they have ceased massage 
was continued and sufficient blood pressure attained. For ex- 
ample, the experiment March 23, 1905, the protocol which 
has been given above, fibrillation the ventricles occurred after 
starting the heart direct massage, but disappeared the massage 
was continued from time time, and the blood pressure increased. 
Sometimes has been impossible get the heart beat regularly 
after the fibrillations have once begun. These fibrillary contrac- 
tions and other irregularities rhythm are, rule, more likely 
occur when the salt solutions, g., Locke’s, are employed for 
injection perfusion than when proteid containing fluid, such 
defibrinated blood, dilute serum, the milk preparation above 
described used. The most successful means overcoming these 
contractions when they have appeared is, our experience, ade- 
quate circulation the blood through the coronary vessels. 

The following experiment shows that recovery from fibrillary 
contractions may occur suddenly. 

Experiment May 16, male cat. Ether. Tube larynx 
which there was occlusion twenty-one minutes; the heart stopped about 
sixteen minutes after the release the head arteries. Massage the chest 
was tried, purpose. About fifteen minutes after the heart stopped, the 
thorax was opened, the aorta clamped and the heart massaged directly. Heart 
entirely motionless the time the chest was opened. five minutes the 
auricles were beating well, and the ventricles fibrillating. The auricles began 
beat very soon after massage was begun, but the ventricles not for some time. 
Suddenly, seven minutes after the chest was opened, the ventricles began 
beat well. further massage was needed throughout the experiment, which 


was continued for five hours longer; when was discontinued, the heart was 
still beating excellently. 


Resuscitation the Regulative Mechanisms the Heart.—The 
question interesting one whether the cardiac regulative mech- 
anisms are rsuscitated the same time the automatic beat. The 
answer is, that general the central innervation the heart, both 
accelerator and inhibitory, abeyance for longer shorter 
period after the spontaneous beat the heart has been restored, 


the length this period depending the time occlusion. The 
same true the local regulative mechanism which have 
treated previous example, while the normal 
heart the rate diminished increase coronary pressure and 
increased diminution pressure the heart, during resusci- 
tation there period when increase pressure accompanied 
increase the rate and vice versa, just happens the excised 
heart. This fact suggests that the local mechanism which the 
normal heart even the absence extrinsic innervation causes the 
response diminished rate increased pressure and increased 
rate diminished pressure has not yet been restored. After long 
periods asphyxia restoration may ever take place. 
the mechanism, whatever may be, which normally 
the contraction the two ventricles and renders synchronous, 
seems resuscitated soon any rate the power the 
ventricles beat, since when the ventricular beat appears found 
start synchronously the two sides. This favor the 
view that specific mechanism concerned this 

Arhythmia auricles and ventricles and Luciani’s groups are 
fairly common phenomena the resuscitation the heart situ 
perfusion the excised heart. Arhythmia the auricle and 
ventricles was noticed the experiment March 1905, already 
quoted. the same experiment, more rare phenomenon was 
observed, namely, arhythmia the superior vena cava and the 
auricles. 

many the experiments the heart, during the resuscitation 
following cerebral generally beating fast hearts 
whose vagi have been cut, although stimulation the peripheral 
end the vagus stops slows them. This, believe, indicates 
that the vagus center has not recovered its tone, although its end- 
ings are intact. The significance this will considered further 
the section the cardio-inhibitory center. During the inactivity 
the vagus center, however, asphyxial slowing the heart occurs 
usual. Since have shown that asphyxial slowing the 
heart may result after section both vagi and division the 
cervical spinal cord, conclude that the action may local, and 
not necessarily central. 


and Pike, loc. cit. 
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have called attention another paper the peculiar double 
beat appearing the tracing the excised heart when the pressure 
injection low. similar double beat frequently occurs 
certain stage the occlusion period, shown the following 
experiment. 

Experiment May 29, male cat. Ether. Tube larynx. 
Pulse (under ether before experiment) 207 minute. Respiration about 
minute. 

2:50 Occluded head arteries usual way. 

2:50:15. rapid and shallow. 

2:50:25. Corneal reflex gone. 

2:50:40. Natural respiration stopped. Started artificial respiration. 

2:51:45. Pupils same before occlusion, not all dilated. 

2:52:30. Pupils dilating. 

2:53. gasp (secondary series). 

2:53:20. Pulse had double beat usually seen this stage. 

2:53:30. Pulse 216 the minute. 

2:54:05. Double beat pulse gone. 

2:54:30. Gasps still going on. 

2:57:30. Gasps cease. Pupils maximum dilation. 

From study the above excerpt from the protocol the ex- 
periment, will seen that the double beat appears only during 
the time which the cardiac and other bulbar centers remain active, 
and that ceases about the time that the inhibitory center fails. 
Since the heart goes with machine-like regularity after the total 
failure the bulbar centers, there seems little doubt that the double 
beat caused, the case the heart the extrinsic car- 
diac nervous mechanism, and since, furthermore, appears during 
the time the activity the inhibitory mechanism, possible 
that this double beat phenomenon inhibition. 

Resuscitation the Heart after Death from Other 
From considerable number experiments conclude that chlor- 
oform has the most deleterious action, the mixture coming 
next order, and then ether. All our evidence tends corrobo- 
rate the current statement that chloroform acts very injuriously 
the heart tissue. Morphine, when used subcutaneously addi- 
tion any the other anesthetics, tended, rule, make 
resuscitation less successful. 


Hemorrhage complicated the result here well asphyxia. 


Amer. Jour. Physiol., 1907, 24. 


The hemorrhage was always carried out under general anzsthesia. 

One cause the greater difficulty resuscitation attending 
death from hemorrhage the absence sufficient volume 
nutritive fluid. must first supply certain volume fluid 
suitable nature, and afterwards get motion. fluid good 
serum blood can only obtained transfusion. have 
not empolyed this method, adhering blood dilutions and artificial 


liquids, can not stated definitely whether hemorrhage itself, 


sooner exhausting the supply nutriment the tissues than 
would the case where the circulation simply stopped, 
robbing the lymph unduly water, renders resuscitation more 
difficult, even under the influence copious supply transfused 
blood. Judging from our work upon the excised mammalian heart, 
the milk preparation which then employed would more suit- 
able for intra-vascular injection after hemorrhage than the salt 
solutions. 

Resuscitation after first experiments 
resuscitation after electrocution were made 1901. They were 
not satisfactory because the low voltage (110 volts, direct) 
the currents available for the purpose. Sponges were connected 
with the ends the wires and used electrodes. One was placed 
each side the thorax dog. The circulation 
was but little affected even after some minutes. 

Direct stimulation the heart with induced currents caused 
delirium cordis. The restoration the circulation afterward was 
not very successful, owing the difficulty overcoming the 
delirium. Cold, asphyxia and the methods generally recommended 
for the purpose were quite inefficient our hands. Resuscitation 
appeared more difficult than after asphyxia, anzesthetics hemor- 
rhage. Later on, when Dr. Crile began series experiments 
the same subject with much more powerful instalment, allowed 
the matter drop. 

SUMMARY. 


Our results may briefly 

Blood, when defibrinated, soon loses its power maintain the 
activity the higher nervous centers, and its nutritive properties 
for all tissues quickly diminish. 
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Artificial fluids, substitute for blood, are not satisfactory. 

The proper oxygenation the blood indispensable ad- 
junct the resuscitation animal. 

The heart usually continues beat for some minutes after 
ceases affect mercury manometer, and resuscitation within 
this period extra-thoracic massage and artificial respiration 
sometimes successful. 

Resuscitation the heart direct massage the most certain 
method our command. 

proper blood-pressure indispensable condition for the 
continued normal activity the heart. 

hemorrhage and induced currents applied the 
heart render resuscitation more difficult than asphyxia alone. 


THE EFFECT INJECTED LEUCOCYTES UPON THE 
DEVELOPMENT TUBERCULOUS LESION.* 


EUGENE OPIE. 
(From the Rockefeller Institute for Medical Research, New York.) 


The purpose the experiments which will described has been 
determine the effect injected leucocytes upon the development 
tuberculous lesion. For the experiments the dog, which 
somewhat insusceptible tuberculosis has been selected for two rea- 
sons. Preceding studies have demonstrated methods which 
possible obtain sterile leucocytes great quantity almost 
wholly free from the inflammatory irritant which has been used 
cause their accumulation. equal importance for the purpose 
the experiments the fact that the development the tuber- 
culous lesions produced injection tubercle bacilli into the 
pleural cavity the dog can followed with considerable accuracy 
percussion the animal’s chest. 

The insusceptibility the dog tuberculosis has been exag- 
gerated and its apparent immunity the disease doubtless de- 
pendent part upon the fact that its habits not expose 
infection. Freedom from spontaneous infection not accurate 
index susceptibility, for the guinea-pig, which tuberculosis 
develops with great readiness, rarely subjected spontaneous 
infection. Spontaneous tuberculosis dogs has been studied espe- 
cially Jensen (twenty-eight cases), Cadiot (forty cases) and 
(eleven cases). The lungs are the primary seat infection 
large proportion the cases. The pleura and mediastinal 
lymphatic glands are implicated. Jensen has described the sarcoma- 
like appearance tuberculous tissue the dog and thinks that 
tuberculosis various organs this animal closely resembles the 
same lesion cattle. 

for publication March 1908. 

Lubarsch and Ostertags Ergebnisse der allg. Path., 1897, iv, 
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Injection suspension tubercle bacilli into the pleural cavity 
dogs causes tuberculosis which almost constantly fatal. Fluid 
accumulates the cavity; flat nodules grayish white tuberculosis 
tissue are formed upon the pleura the chest wall and diaphragm 
and occasionally upon the surface the lungs. The lesion bilat- 


Fic. Diagram accompany Experiment 10, showing distribution 
tuberculous tissue after inoculation the right pleural cavity with tubercle 
bacilli. Tuberculous tissue occupies the mediastinum and subpericardial mem- 
branes; the substernal lymphatic glands are enlarged and tuberculous. 

Fic. Lesion represented the preceding figure section showing the 
membranes which extend from the pericardium diaphragm and partially 
enclose cavity into which fits lobe the right lung (C). tuberculous 
tissue subpericardial membranes; enlarged substernal lymphatic glands. 


eral and fluid accumulates both the right and left pleural cavities, 
but the disease usually progresses more rapidly the cavity which 
has received the injection. Rounded masses firm gray-white 
tissue appear the mediastinum (Fig. and when the lesion 
advanced may grow together, forming continuous mass extending 
the whole length the sternum. The tissue first succulent 
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grayish white and homogeneous, having appearance suggesting 
sarcoma, but later becomes opaque and yellow where caseation 
occurs. Similar masses tuberculosis tissue (Fig. 2), often con- 
tinuous with those the mediastinum, occupy the membranes 
which the dog extend from each side the pericardium the 
diaphragm and enclose cavity; into this cavity fits lobe the 
right lung. The mediastinal lymphatic glands (Figs. and 2), 
situated behind the upper end the sternum, quickly enlarge, be- 
come hard and undergo caseation. 

Dissemination tubercle bacilli occurs early period the 
disease and ten days after inoculation tubercles may found the 
liver. After many weeks tubercles may found the lungs, spleen 
and kidneys. Extension way the lymphatic system occurs 
rapidly and evidence tuberculosis appears successively the 
retropleural glands just above the diaphragm, glands near the 
duodenal part the pancreas and the retroperitoneal glands 
which are near the adrenals. 

Death frequently occurs the result broncho-pneumonia due 
secondary infection. After several weeks the animal may cough 
and there abundant purulent discharge from the nose. Asso- 
ciated with this condition conjunctivitis and ulceration the cornea 
may occur. 

The experiments which have been described have been possible 
only because the course the disease can followed during life 
percussion the chest. the normal animal standing its 
usual position there relative dullness two three centimeters 
the right the median line caused projection the heart 
the right. The median line the animal marked and the upper 
limits relative and absolute dullness accurately measured imme- 
diately behind the figures thus obtained are accurate within 
less than half centimeter and afford the only available means 
measuring during life changes the fluid and solid contents the 
chest. 

After injection tubercle bacilli increase relative dullness 
over the ventral part the right chest evident within one two 
days and this impaired dullness increases continuously. Usually 
within week ten days absolute dullness makes its appearance. 


Effect Injected Leucocytes upon Tuberculous Lesion. 


Changes the extent dullness percussion are referable part 
accumulation fluid, part solid tuberculosis masses the 
mediastinum and adjacent membranes. Observations made 
puncture the animal’s chest and autopsy indicate that absolute 
dullness caused the presence fluid. Not infrequently 
inoculated animals absolute dullness disappears although increased 
relative dullness persists and the disease continues with undimin- 
ished severity. such instances disappearance absolute dullness 
doubtless due absorption pleural effusion. 

The following experiments illustrate the effect dogs intra- 
pleural injection the strain tubercle bacillus employed the 
greater number the experiments which will described. The 
organism had the characters the human type tubercle bacillus 
and was only moderate virulence, killing guinea-pigs intra- 
peritoneal injection after from three four weeks; did not kill 
rabbits after injection into the peritoneal cavity, but caused their 
death six seven weeks after intrapleural inoculation. 


1.—Dog, wt. 4,150 grm. Into the right pleural cavity was in- 
jected 0.5 c.c. suspension tuberculosis. Relative and absolute dullness 
over the right side the chest gradually increased that the end about 
month relative dullness measured 8.5 cm. and absolute dullness 6.6 cm. Below 
the skin the point injection nodular mass fixed the chest wall made 
its appearance two weeks after inoculation, increased size, and opened spon- 
taneously; remained open wound until death which occurred with 
increasing emaciation the end days after inoculation. 

pleural cavity contains about 150 c.c. almost clear yellow 
fluid which standing forms transparent coagulum. Upon both visceral and 
parietal are flat, yellowish-white nodules. Masses hard, partly caseous 
tuberculous tissue occur the mediastinum and the membranes extending 
from pericardium diaphragm. ‘The substernal lymphatic glands are greatly 
enlarged and caseous. The liver contains immense number miliary tubercles 
which occupy about one half the area the section prepared for microscopic 
examination. The spleen and kidney contain tubercles small number. 

EXPERIMENT 2.—Dog, wt. 4,850 grm. Into the right pleural cavity was in- 
jected c.c. suspension tuberculosis. Dullness over the ventral part 
the thorax the right side increased that the end two weeks the 
upper level relative dullness was 7.6 cm. from the mid line; absolute dull- 
ness, During this time the body weight had been maintained. The animal 
became thin and death occurred the end days after the inoculation. 

right pleural cavity contains almost clear yellow 
fluid; the left cavity contains c.c. Upon surface both lungs are flat 
gray-white projections usually less than mm. across. The mediastinum which 
thickened contains large masses newly formed hard grayish white tissue; 
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similar mass contact with the diaphragm. The lymphatic glands below 
the cephalic end the sternum are greatly enlarged and caseous. The liver 
contains immense number tubercles which occupy least third the 
section for examination. The spleen contains none are 
found the kidneys. 

Inoculation with 0.5 c.c. suspension tubercle bacilli caused 
death fifty days whereas twice this amount the same suspen- 
sion was more quickly fatal. 

The leucocytes used for injection have been obtained from dogs 
repeated injection turpentine into the pleural cavity. One 
two cubic centimeters turpentine have been injected into the 
right pleural cavity; when after three days the resulting inflamma- 
tory exudate has reached maximum second similar injection 
made. Fluid continues accumulate and may serous, sero- 
purulent purulent. Aspiration this fluid followed accu- 
mulation purulent exudate which third the volume may 
leucocytes. 

Leucocytes obtained one two days either after injection tur- 
pentine after aspiration are separated centrifugalization from 
the serum the exudate and twice washed centrifugalization 
with normal salt solution. The leucocytes after removal the 
overlying salt solution readily pass through the coarse needle 
syringe. The quantities injected represent volumes leucocytes 
packed together centrifugalization. 

coarse needle with blunt beveled point and with opening 
the side short distance from the end has proved convenient for 
intrapleural injection. The skin punctured with sharp instru- 
ment and the needle the syringe inserted obliquely such posi- 
tion that the beveled surface the end parallel with the chest wall. 

Washed leucocytes obtained the method which has been de- 
scribed cause readily recognizable reaction when introduced into 
the right pleural cavity normal dog. Ten cubic centimeters 
these cells cause accumulation fluid which indicated 
broad area relative and usually absolute dullness over the 
dependent part the cavity. This increased dullness reaches 
maximum the day following injection and rapidly subsides, dis- 
appearing after three four days. The quantity fluid which 
accumulates (indicated the amount dullness) and the dura- 
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tion the reaction increases with the quantity injected leucocytes. 

The pleural cavity not permanently altered the reaction 
which occurs. animal which had received four injections 
leucocytes (10 c.c.) intervals about one week the pleural 
cavities were found normal and the mediastinum and adjacent 
membranes delicate. 

Series A.—The effect injections leucocytes upon thoracic 
dullness increased inoculation with Bacillus tuberculosis. 

One half cubic centimeter suspension Bacillus tuberculosis 
was injected into the right pleural cavity six dogs. Dullness 
percussion over the right side the thorax underwent increase, 
exhibiting different animals considerable variation rapidity. 
Two animals (weighing respectively 5,050 and 7,250 grm.) 
which the disease was allowed pursue its course served control. 
the end seven eight days, when relative dullness was much 
increased and absolute dullness had made its appearance all 
the inoculated animals, leucocytes quantities from twelve 
twenty-five cubic centimeters were injected into the right pleural 
cavities the remaining four dogs; the injections were repeated 
intervals about one week. 

For extraneous reasons was found necessary discontinue 
injection leucocytes the end one month after inoculation; 
this time the area dullness had the four injected animals 
diminished considerably and was not much greater than that present 
before the onset tuberculosis. was thought possible that re- 
covery might follow but examination the chest the fortieth 
day the disease showed that two animals there was increase 
relative and reappearance absolute dullness. 

EXPERIMENT 3.—Dog, wt. 5,450 grm. The animal received three intrapleural 
injections leucocytes; changes thoracic dullness are indicated below. 
the end week small nodule was found below the skin the point 
which the inoculating needle had been inserted; ten days later leucocytes were 


injected into the nodule. became smaller but finally broke upon the surface 
and remained discharging ulcer until death. Death occurred days after 
inoculation. 
Day Absolute Relative 
Disease. 
Inoculated with tubercle bacilli. 
3.0 3.9 c.c. leucocytes injected. 
4.7 6.6 


Eugene Opie. 425 

4.3 

3.4 c.c leucocytes injected. 

3.4 

4.5 

3.8 

4.6 8.1 

Died. 


pleural cavities are each distended with several hundred cubic 
centimeters turbid fluid which compresses the lungs. The mediastinum and 
subpericardial membranes which are thickened and opaque contain large con- 
fluent gray white masses with maximum thickness 0.5 cm. The mediastinum 
pouched the right and much crinkled. Parietal and pulmonary pleure are 
thickened and opaque. The substernal lymphatic glands are moderately enlarged 
and partially caseous. The liver large and contains immense number 
tubercles. occasional tubercle found the lungs. 

4.—Dog, wt. 6,850 grm. The animal was inoculated into the right 
pleural cavity with 0.5 c.c. suspension tuberculosis. nodule formed 
the skin the point injection. The progress the disease during which 
leucocytes were injected three times shown the following table. Death 
occurred after days. 


. 


Day Absolute Relative 


Disease. Dullness. Dullness. 

4.0 Inoculated with tuberculosis. 
4.0 5.6 c.c. leucocytes injected. 
3.0 5.6 

3.7 

3.7 c.c. leucocytes injected. 
7.0 

4.8 

4.6 

4.6 

Died. 


Autopsy.—The pleural cavities contain large quantity fluid which com- 
presses the lungs. The mediastinum contains masses newly formed tissue 
which dense and fibrous and contains caseous patches. Masses similar 
tissue occur the membranes which extend from pericardium diaphragm. 
The lungs are atalectatic and contain upon their surfaces and their substance 
numerous tubercles. About one third section liver consists tuber- 
culous tissue. 

5.—Dog, wt. 6,750 grm. The animal received into the right 
pleural cavity 0.5 c.c. suspension tubercle bacilli. nodule appeared 
the point inoculation about week later. Leucocytes were injected into the 
nodule which subsequently diminished much size. The animal received four 
injections leucocytes into the pleural cavity, became emaciated and died 
the end days. 


Injected Leucocytes upon Tuberculous Lesion. 


Day 
Disease. Dullness. Dullness. 


2.5 Inoculated with tuberculosis. 
4.9 7.4 leucocytes injected. 
2.0 3.9 

3.1 

4.1 c.c. leucocytes injected. 
2.0 5.0 

4.2 

4.6 c.c. leucocytes injected. 
4.9 

4.0 c.c. leucocytes injected. 
2.8 6.8 

Died. 


cavities contain large amount fluid. The pleura 
thickened and opaque and its surface places thin layer fibrin. The 


Vil 


Cuart progress the disease Experiment and subsequent 
experiments has been depicted chart which indicates the amount ab- 
solute and relative thoracic dullness measured the right the mid line. 
Injection leucocytes indicated heavy black perpendicular lines whose 
length (one square equals represents the quantity cells injected. Rela- 
tive dullness represented the lightly shaded zone; absolute dullness the 
heavily shaded areas. the normal animal there absolute dullness over 
the thorax the right the mid line but since projection the heart the 
right causes relative dullness two three centimeters beyond the mid line 
normal base line (dotted horizontal line) relative dullness has been drawn 
for each animal. Weight indicated dotted line the upper part 
each chart. 


a 
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mediastinum free from tuberculous masses save above the diaphragm where 
there mass fibrous and caseous tissue; the membranes which extend 
from pericardium diaphragm are similar masses, that the right being the 
larger. The mediastinal lymphatic glands are moderately enlarged and consist 
caseous material surrounded fibrous capsule. The lungs and liver con- 
tain immense number. the liver they are surrounded thin 
fibrous capsule. 

EXPERIMENT 6.—Dog, wt. 4,750 grm. Seven days after inoculation with 
tuberculosis time when relative dullness over the right chest had increased 
and absolute dullness had made its appearance leucocytes were injected. Three 
similar injections were subsequently given and the end days dullness 
over the right chest was only slightly greater than that before inoculation; the 
changes are shown Chart During this period the body weight diminished 
slightly. The animal the end eight months very active and apparently 
well, its weight being 2,050 more than the weight the time inocula- 
tion. Percussion shows only normal relative dullness over the right thorax. 


Control Experiments. 


EXPERIMENT 7.—Dog, wt. 5,050 grm. Control. The weight the animal 
fell quickly after inoculation. Relative dullness over the right pleural cavity 
gradually increased and absolute dullness was present the end week. 
Absolute dullness disappeared although relative dullness persisted until short 
time before death. Death occurred after onset cough and purulent nasal 
discharge the end days. 


Day Absolute Relative 


Disease. Dullness. Dullness. 
4.5 6.0 
4.5 6.0 
4.5 
6.1 
6.1 
Died. 


Autopsy.—The animal emaciated. the right chest wall the site 
inoculation mass partially caseous tuberculous tissue which projects upon 
the parietal pleura. pleural cavity contains only about c.c. fluid. 
The thickened and injected mediastinum and adjacent membranes contain 
tuberculous masses. The substernal, retropleural and retroperitoneal lymphatic 
glands are much enlarged and tuberculous. There bronchitis and patches 
broncho-pneumonia. The liver enlarged, and exhibits fatty degeneration; 
small caseous tubercles are numerous. 

8.—Dog, wt. 7,250 grm. Control. After inoculation the body 
weight rapidly fell; relative dullness over the right pleural cavity increased 
slightly and the end week absolute dullness had made its appearance 
but subsequently disappeared. Death occurred the end days. 
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Day Absolute Relative 
Disease. Dullness. Dullness. 


5.6 Inoculated with tuberculosis. 
6.1 
3.3 6.1 
3.3 5.2 
5.2 
6.1 
6.1 
Died. 


Autopsy.—The animal emaciated. Each pleural cavity contains about 150 
c.c. turbid yellowish fluid. The mediastinum and subpericardial membranes 
which are intensely injected contain caseous masses. The substernal lymphatic 
glands and lymphatic glands near the duodenum are enlarged and caseous. The 
lungs contain deep red patches broncho-pneumonia and there 
The liver contains numerous small caseous tubercles. 


The first injection leucocytes into pleural cavity containing 
effusion, indicated absolute and increased relative dullness, has 
two instances (Experiments and been followed within 
twenty-four hours diminution dullness, doubtless the result 
absorption fluid. one instance (Experiment fall the 
level dullness was delayed least twenty-four hours whereas 
one instance (Experiment well-marked increase dullness 
preceded the disappearance absolute dullness, relative dullness, 
probably due the presence tuberculous masses, persisting. 
jections leucocytes were repeated intervals week ten 
days, dullness not infrequently increasing between injections and 
falling after them. These changes are illustrated Chart 
which relative and absolute thoracic dullness are charted. 

this series experiments, which were begun eight months ago, 
two control animals died the end five weeks; two animals 
receiving three injections leucocytes lived about two months; 
third injected animal, receiving four injections, lived three months, 
and fourth animal receiving the same number injections 
living and well. 

noteworthy that injection large quantity leucocytes 
(20 has been usually followed marked increase dullness 
with subsequent fall. The following experiments show the effect 
leucocytic injections repeated more frequently and larger quan- 
tity than those previously employed. 
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Series effect leucocytes injected into the pleural cavity 
short intervals and large quantity during the course tuber- 
culous pleurisy. 

Two animals were inoculated intrapleurally with 0.5 cubic centi- 
meter suspension Bacillus tuberculosis. During the first ten 
days changes thoracic dullness pursued approximately parallel 
course the two animals, relative dullness gradually increasing 
and absolute dullness appearing. The injected animal died the 
end fifty-six days and the control animal was immediately killed 
for comparison. 


9.—Dog, wt. 5,800 grm. the end week nodular thick- 
ening had developed the chest wall the point inoculation; leucocytes 
were injected into the nodule which after several weeks diminished size. Leu- 
cocytes were injected into the pleural cavity ten days after inoculation and the ani- 
mal received four injections within fifteen days. Mange made its appearance and 
was widely distributed upon the skin. The animal became thin and death occurred 
the end days. 


CHART Experiment 10; control. 


cM. DAYS 10 20 30 GRM 
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Autopsy.—The body thin but not emaciated. The right pleural cavity 
distended with several hundred cubic centimeters almost opaque whitish 
fluid which compresses the lung. The parietal and pulmonary pleura every- 
where grayish white and thickened often mm. The left pleural cavity 
also distended and the pleura grayish white but less thickened than the right 
side. The distribution the lesions which are present represented Fig. 
compare with Fig. showing the lesions the control. Upon the surface 
the mediastinum which thickened and 
leathery are several flat yellowish white ele- 
vations. the junction the subpericar- 
dial membranes and diaphragm each 
side are small scar-like masses which sec- 
tion are composed grayish white tissue. 
The substernal lymphatic glands are moder- 
ately enlarged, measuring 1.4 cm. long 
diameter. The lungs, which are much com- 
pressed, contain numerous tubercles. The liver 
contains great number large tubercles; 
tuberculous tissue occupies least third 
section for microscopic examination. 


Control Experiment. 


wt. 5,650 grm. 
Control. Ten days after inoculation nodule 
made its appearance immediately below the 
skin the site injection; gradually 
increased size and broke two weeks 
There was cough beginning about 

Fic. Diagram lesion ten days after inoculation. Weight dimin- 
Experiment compare with con- ished gradually. The animal was killed 
trol represented Fig. the end days, for comparison with 

that the preceding experiment. 

right pleural cavity contains about 100 c.c. turbid fluid; 
the left cavity contains about the same amount fluid. The parietal and 
pulmonary pleure are not thickened. Situated the mediastinum above the 
diaphragm and extending into the subpericardial membrane very large mass 
grayish white succulent, places, caseous tissue (see Figs. and 2); similar 
mass which smaller occupies the subpericardial membrane the right side. 
Figs. and show the situation these tuberculous masses. large mass 
tuberculous tissue situated the posterior mediastinum above the diaphragm. 
The substernal lymphatic glands are greatly enlarged, hard and caseous, measur- 
ing 1.6 cm. long diameter. The lungs contain tubercles. The liver contains 
small scattered tubercles. 


Whereas increase thoracic dullness proceeded uninterruptedly 
the control, the first intrapleural injection leucocytes the 
treated animal was followed fall relative and disappearance 
absolute dullness. second injection three days after the first 
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was followed accumulation fluid which showed tendency 
subside until third injection was given. The fourth injection (30 
was given with the hope influencing favorably large 
quantity leucocytes what appeared from the extent thoracic 
dullness very severe infection. Fluid showed little indication 
decrease and death resulted about one month later. The genera- 
lized chronic pleurisy with effusion, which doubtless caused 
hastened death, has not been observed any the untreated tuber- 
culous animals and probably referable the injections leuco- 
cytes which were repeated unusually short intervals and unusual 
amount; for repeated observations have demonstrated that the in- 
tensity the inflammatory reaction which follows injection leu- 
cocytes bears relation the quantity injected. 

Although the injection leucocytes did not prolong the life 
the animal nor exert favorable influence upon the course the dis- 
ease, comparison the lesion with that control animal inocu- 
lated with the same suspension and killed after the same interval 
has shown that the local tuberculous process has been markedly 
retarded. the control animal (Fig. the mediastinum and sub- 
pericardial membranes are occupied enormous succulent par- 
tially caseous masses and the lymphatic glands adjacent the 
pleural cavities are greatly enlarged and caseous. the treated 
animal (Fig. there are small scar-like masses almost wholly 
composed fibrous tissue the same situations and the adjacent 
lymphatic glands are moderately enlarged and show caseation. 
Microscopic examination the thickened pleura shows that 
composed fibrous tissue with none the characters tubercu- 
lous new growth. Tuberculosis the neighborhood the injected 
pleural cavity had large part disappeared. 

Series effect long-continued injections leucocytes 
upon the course experimental tuberculous pleurisy. 

With the information derived from the foregoing experiments, 
attempt was made treat with leucocytic injections animals with 
experimental tuberculous pleurisy. Seven dogs received half cubic 
centimeter the same suspension tubercle bacilli and the end 
ten days there was all them well-marked increase tho- 
racic dullness. Three animals were kept controls whereas the re- 
maining four received repeated injections leucocytes. 


Cuart Experiment 11; injection leucocytes. 
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Cuart Experiment 13; injection leucocytes. 
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EXPERIMENT wt. 5,650 grm. After inoculation the animal lost 
about grm., the most marked loss weight following the first two injec- 
tions leucocytes. After four weeks the animal regained and subsequently much 
exceeded its original weight. Thoracic dullness which had increased the 
result inoculation disappeared after the first leucocytic injection and did 
not reappear (Chart 4). The animal received into the right pleural cavity seven 
injections. the twenty-fifth day the disease nodule appeared upon the 
chest wall caused doubtless infection the needle tract the time 
inoculation. Leucocytes were twice injected into the nodule which one 
time measured cm. across; diminished size and almost completely disap- 
peared two weeks after its appearance. The nodule reappeared the same site 
and after two weeks was cm. across; four injections leucocytes c.c.) 
were not followed any diminution size and after attaining diameter 
cm. the nodule broke and discharged during several weeks upon the surface. 
Healing with formation followed. The animal increased much weight 
and became strong and active. acquired the habit bounding the top 
its cage and would jump continuously during several hours. Five months 
after inoculation suddenly became sick and died two days later. the time 
death was well nourished, weighing one thousand grams more than the 
time inoculation. 

the subcutaneous tissue and elsewhere abundant. The 
pleural cavities contain fluid. The mediastinum delicate and membranous 
and very redundant that can pouched far the right left; the mem- 
branes below the pericardium are delicate and exhibit the same redundancy. 
these membranes and unon the surface the diaphragm are small, little elevated, 
patches with reddish gray color; there tuberculous tissue and the pleural 
surfaces are smooth and glossy. The mediastinal lymphatic glands are slightly 
enlarged, measuring cm. length and are red and succulent. 

The liver apparently normal. The duodenum near the stomach for dis- 
tance about cm. plum-colored and apparently part gangrenous; the 
adjacent mesentery including the entire pancreas with the exception 
small part the duodenal arm infiltrated with blood; the adjacent lymphatic 
glands particularly those near the liver are enlarged and hemorrhagic. There 
fat-necrosis. 

EXPERIMENT 12.—Dog, wt. 5,530 grm. Following inoculation there was 
slight gradual increase weight. Thoracic dullness steadily increased during 
two weeks and diminished immediately after first injection leucocytes. 
During the eleven days between the second and third injection there was increase 
dullness which again fell level little above that before inoculation. 
Subsequent elevations above this level were every instance the result injec- 
tion into one both pleural cavities. Chart and subsequent charts in- 
jection into both pleural cavities indicated two heavy lines side side, the 
length these lines representing the quantity leucocytes employed. One 
week after inoculation nodule appeared the chest wall the site punc- 
ture; during ten weeks the nodule received ten injections leucocytes (0.5 
During this time increased maximum diameter cm. and 
gradually disappeared without discharging upon the surface. After the fourth 
intrapieural injection there was cough; area relative dullness cm. across 
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with peculiar hard resistent character percussion appeared about the site 
injection and persisted several days; cough disappeared. The animal five 
months after inoculation well and weighs 1,120 grams more than before in- 
oculation. 

EXPERIMENT 13.—Dog, wt. 6,450 gm. After inoculation thoracic dullness grad- 
ually increased but its level rapidly fell immediately after the first injection 
leucocytes (Chart 6); rose high level after the second injection and 
absolute dullness appeared but fell normal after the third injection which 
was made into both pleural cavities. this time the animal was very sick 
and there was cough and purulent discharge from the nose and eyes; body 
weight had diminished 1,700 gm. and the animal was very thin. After the 
fourth week weight steadily increased and evidences bronchitis disappeared. 
After the effect the fourth injection had disappeared there was (on the 
thirty-eighth day) increase thoracic dullness but subsequent elevations 
(see chart) occurred only the immediate result leucocytic injections. 

Three weeks after inoculation induration appeared along the tract marked 
the inoculating needle; this nodule received one injection leucocytes (0.5 
c.c.) and lying immediately below the skin broke upon the surface. Two subse- 
quent injections were made but persisted until the seventeenth week after 
inoculation, disappearing finally. 

The animal large and strong and having grown considerably, its weight 
4,500 grm. greater than before inoculation. 

EXPERIMENT 14.—Dog, wt. 6,150 grm. After inoculation thoracic dullness 
rose quickly high level (Chart 7), but fell considerably immediately after 
the first injection leucocytes. Body weight diminished rapidly 
animal very thin. After the second leucocytic injection the level 
dullness increased and absolute dullness appeared. Changes following the six 
subsequent injections, which with three there was injection into both the right 
and left pleural cavities, were almost constant, namely, fall the level dull- 
ness, either immediately after preliminary increase, level below that 
the time injection and subsequently, after the effect the injection had dis- 
appeared, increase dullness. Between succeeding injections the level 
dullness became gradually lower and after the immediate effect the ninth in- 
jection had subsided there was elevation, subsequent increase dullness 
occurring only sequence leucocytic injection. After the fifth week the 
disease the animal began gain weight. 

nodule which developed after two weeks the site inoculation attained 
diameter cm.; after injection 0.5 c.c. leucocytes there was in- 
crease size. second injection was made. The nodule diminished size 
and during the sixth week the disease was reresented only induration 
its former site; third injection was made the neighborhood the indu- 
rated tissue. 

After the second intrapleural injection leucocytes extensive emphysema 
the subcutaneous tissue the right side the body made its appearance 
and disappeared after four days. 

The animal well and strong and weighs 400 grm. more than the time 
inoculation. 
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Control Experiments. 


EXPERIMENT 15.—Dog, wt. 5,300 grm. Control. Thoracic dullness increased 
gradually during the first three weeks after inoculation and subsequently more 
rapidly. The animal became thin and died the end days. fall 
dullness (and small amount effusion found autopsy) suggest that there 
was rapid absorption fluid just before death (Chart 8). 

Autopsy—The right pleural cavity contains c.c. reddish serous fluid; 
the left cavity contains Throughout the mediastinum are masses hard 
caseous tissue, the largest being situated just above the diaphragm; similar 
masses occur the subpericardial membranes either side. Flat, gray white 
nodules occur upon the posterior surface the right lung. The middle lobe 
the right lung exhibits pneumonic consolidation. The substernal lymphatic 
glands are greatly enlarged and firmly caseous; enlarged hard glands are found 
near the pancreas and the retroperitoneal tissue beside the adrenal glands. 

EXPERIMENT 16.—Dog, wt. 4,950 grm. Control. Thoracic dullness gradually 
increased from the time inoculation until death (Chart 9). the end 
about three weeks the animal was very thin and there was abundant purulent 
discharge from the nose and eyes; ulcer formed upon the right cornea. 
Death occurred the end days. 

pleural cavities contain fluid; the mediastinum injected 
and contains small nodules. Above the diaphragm caseous mass about cm. 
across. The substernal lymphatic glands are moderately enlarged and caseous. 
the bifurcation the trachea mass caseous lymphatic glands which 
encircle and compress the right bronchus. The lungs contain numerous patches 
pneumonic consolidation. 

EXPERIMENT 17.—Dog, wt. 6,800 grm. Control. After inoculation the 
animal, stout pug, weight rapidly increased and continued much greater than 
before inoculation. Nevertheless relative dullness increased steadily and abso- 
lute dullness made its appearance, disappearing later (Chart 10). Almost im- 
mediately after inoculation nodule appeared the site puncture. The 
nodule increased greatly size, broke through the skin and discharged during 
several weeks. The mass below the skin diminished size and finally disap- 
peared, leaving small scar. Absolute dullness disappeared the end five 
weeks, but abnormal relative dullness has persisted until the present time. The 
animal (at the end five months) very fat and apparently well, weighing 
1,450 grm. more than before inoculation. 


the animals which were inoculated controls two died the 
end five weeks, time corresponding the time death the 
controls Series The third animal used control, rela- 
tively large dog, was little affected the pleural and subcutaneous 
tuberculosis with which was infected, but, the contrary, in- 
creased considerably nevertheless increased thoracic dull- 
ness did not return normal. 

four tuberculous animals injected with leucocytes one (Ex- 
periment 11) exhibited normal thoracic dullness after the third 
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week and second (Experiment 12) after the sixth week. two 
animals treated with leucocytes the disease was much more severe 
and there was great loss body weight. One animal (Experiment 
13) passed through stage which there were physical signs 
fluid considerable amount, and exhibited normal dullness 
only after the sixth week. the remaining animal (Experiment 
14) there was, after the effect each injection had subsided, 
increase dullness, doubtless referable the tuberculous process 
which was still active. Each injection during this period after 
primary rise depressed thoracic dullness somewhat lower level 
that after the seventh week there was increase except the 
result injection leucocytes. 

this series experiments leucocytic injections were first 
made short intervals relatively small quantity—approximately 
ten cubic centimeters. Even after thoracic dullness had returned 
level approaching that before inoculation with tuberculosis, 
leucocytic injections were continued. Since numerous examina- 
tions had shown that the tuberculous lesion was bilateral, injections 
were often made simultaneously into the two cavities. 

Series D.—The effect upon thoracic dullness tubercle bacilli 
and leucocytes injected simultaneously; the effect leucocytes pre- 
served during several days low temperature. 

Since the previous experiments have afforded evidence that leu- 
cocytes injected into the plural cavity already infected with tubercu- 
losis retard the development the lesion and tend cause its 
disappearance, the possibility has suggested itself that injection 
leucocytes, together with tubercle bacilli, might prevent the onset 
tuberculosis. The clinical course the disease two animals 
immediately after injection mixture ten cubic centimeters 
leucocytes with half cubic centimeter suspension 
tubercle bacilli gave some support belief that the organism had 
been wholly destroyed; nevertheless the end two weeks such 
well-marked increase thoracic dullness occurred that there was 
doubt that tuberculosis had developed. The animals were sub- 
sequently used test the efficiency cells which had been pre- 
served from twenty-four forty-eight hours low temperature, 
several degrees above the freezing point. One the animals which 
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11. Experiment 18; inoculation with tuberculosis and leucocytes; 
injection leucocytes. 
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12. Experiment 19; inoculation with tuberculosis and leucocytes; 
injection leucocytes preserved low temperature. 
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CHART 13. Experiment 20; control. 
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had received tubercle bacilli and leucocytes was subsequently in- 
jected with leucocytes freshly obtained, whereas the second animal 
which had received the same mixture was injected with leucocytes 
which had been preserved cold storage. some instances the 
cells employed for corresponding injections the two animals were 
identical, the animal receiving its injection one 
two days after that Experiment 18. Experiment 20, which 
tubercle bacilli alone had been employed, served control. 


EXPERIMENT 18.—Dog, wt. 7,950 grm. The clinical course after inoculation 
with mixture tubercle bacilli and leucocytes shown Chart 11. The 
animal was given after the inoculating injection six injections freshly ob- 
tained leucocytes and was killed the end days; was strong and 
active when killed. 

pleural cavities contain fluid. Several flat fibroid patches 
occur upon the surface the lungs, but the pleural surfaces are almost free 
from evidence tuberculosis. The subpericardial membranes and mediastinum 
front the heart are delicate save for the presence thin firm mass 
tuberculous tissue about mm. across. The mediastinum above the level the 
heart thickened and contains several indurated nodules. The substernal lym- 
phatic glands are soft, moderately enlarged, and contain several caseous foci. 
the lungs are miliary tubercles. The liver contains numerous small tubercles 
which many have delicate fibrous capsule. the kidney are few opaque 
tubercles. 

19.—Dog, wt. 6,700 grm. The clinical course after inocu- 
lation, identical with that Experiment 18, shown Chart 12. nodule 
appeared the site inoculation and after receiving four injections (0.5 
kept low temperature almost completely disappeared, 
but although injected three times subsequently increased diameter 
nearly cm. The animal received into the pleural cavities six injections 
leucocytes which had been preserved cold storage during one two days. 
The animal which was very weak was killed after days for comparison with 
the preceding. 

subcutaneous tissue jaundiced. The pleural cavities each 
contain 200 c.c. fluid. Upon the pleural surfaces are elevated plaques 
tuberculous tissue. The mediastinum from the lymphatic glands the base 
the neck, which are enlarged diameter cm., diaphragm converted 
into thick crinkled mass partly caseous tissue. Similar masses large size 
occupy the subpericardial membranes and are scattered over the right parietal 
pleura and surface the diaphragm. the substance the right lung corre- 
sponding the site inoculation tuberculous mass; the bronchial lym- 
phatic glands the same side are much enlarged and tuberculous. The lungs 
contain tubercles. The liver enlarged and beset with numerous large tubercles, 
occupying section least third the tissue. 
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Control Experiment. 


20.—Dog, wt. 8,050 grm. Control. The animal received 0.5 c.c. 
the suspension tubercle bacilli employed the two preceding experiments 
mixed with c.c. 0.85 per cent. sodium chloride solution. The clinical course 
shown Chart animal was killed after days. 

right pleural cavity contains c.c. red turbid fluid; the left 
cavity contains c.c. Upon the surfaces the lungs and upon the diaphragm 
are numerous flat tubercles. The mediastinum and subpericardial membranes 
are thickened and beset with numerous tubercles. hard mass gray white 
tissue (1.2 cm. across) situated the right, second cm. across) the 
left subpericardial membrane its junction with the diaphragm; third mass 
situated the mediastinum above the diaphragm. The substernal lymphatic 
glands are moderately enlarged, hard and almost wholly caseous. the lungs 
are miliary tubercles. The liver contains numerous tubercles; the kidney 
opaque tubercles often 1.5 cm. diameter are fairly numerous. 


the animal Experiment 20, used control, relative and 
absolute thoracic dullness increased gradually after inoculation, but 
diminished suddenly after the thirty-fifth day; nevertheless relative 
dullness maintained high level until the animal was killed. the 
dog Experiment 18, which received fresh leucocytes, the clinical 
course was identical with that illustrated Experiments 
Series namely, depression dullness, perhaps preceded 
temporary increase, after each injection. Comparison these two 
animals the series confirms the result former experi- 
ments and affords clinical and anatomical evidence that the presence 
artificially introduced leucocytes has retarded the development 
the tuberculous lesion. 

The employment leucocytes which have been preserved 
low temperature has not had equally favorable result, but the 
experiment indecisive, for autopsy has shown that the lung has 
been punctured the time inoculation. Tuberculosis the 
lung and the bronchial glands doubtless explains part the 
rapid progress the disease. Nevertheless the charted thoracic 
dullness shows that changes which follow injection leucocytes 
kept low temperature during several days may identical with 
those caused freshly obtained leucocytes. Injection the fif- 
teenth day the disease was followed after interval several 
days diminution relative dullness and disappearance abso- 
lute dullness referable diminution the fluid contents the 
chest. 
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Series clinical and pathological changes following simul- 
taneous injection tubercle bacilli and 
leucocytes together with tubercle bacilli the preceding experi- 
ments has been followed the reaction which occurs when leuco- 
cytes are injected into the normal pleural cavity (see Charts and 
there accumulation fluid which quickly disappears. Sub- 
sequent increase dullness, which the otherwise constant result 
tuberculous pleurisy, delayed. The same experiment has been 
repeated and, order that the resulting changes may compared 
anatomical examination, the animals have been killed soon 
that which has received leucocytes has exhibited increase tho- 
racic dullness. 

21.—Dog, wt. 5,950 grm. tubercle bacilli 
(0.5 c.c.) mixed with c.c. leucocytes which had been kept temperature 
slightly above freezing during three days was injected into the ight pleural 
cavity. The level thoracic dullness (Chart 14) rose abruptly, subsided, and 


remained normal during least week; then rose and the animal was killed 
days after inoculation. 


Cuart 14. Experiment 21; CHART Experiment 22; 
lation with tuberculosis 
cytes. 


Autopsy.—The right pleural cavity contains small amount turbid whitish 
fluid (not measured) the left cavity contains somewhat greater quantity. The 
mediastinum delicate and contains few tubercles; the right and left subperi- 
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cardial membranes are studded with tubercles. Just above the diaphragm 
small, firm, succulent mass. The mediastinal lymphatic glands are moderately 
enlarged, measuring 1.2 cm. The surfaces the diaphragm and the parietal 
pleure are smooth. The liver contains small miliary tubercles. 

EXPERIMENT 22.—Dog, wt. 6,900 grm. Control. suspension tubercle 
bacilli (0.5 c.c.) was diluted with physiological salt solution c.c. and 
injected into the right pleural cavity. Thoracic dullness (Chart 15) increased 
gradually during days and then more rapidly. The animal was killed the 
end days. 


right pleural cavity contains 120 c.c. turbid, whitish, coagulable 
fluid; the left cavity, c.c. Upon the surface the diaphragm and upon the 
parietal pleura greatest abundance the right side are large, flat, gray white 
nodules. The mediastinum thick and beset with small tubercles and partially 
caseous masses, the largest being just above the diaphragm; the subpericardial 
membranes either side contain large hard masses gray white tissue. The 
substernal lymphatic glands are considerably enlarged, measuring 1.7 cm. The 
liver contains small miliary tubercles. 

The changes thoracic dullness observed Experiment 
after inoculation with teubercle bacilli mixed with leucocytes are 
identical with those noted immediately after injection the 
same mixture two animals the preceding series; each 
series there has been the same contrast with the control. The per- 
sistence normal thoracic dullness during week after the pre- 
liminary rise and fall suggests that the development the tuber- 
culous process has been retarded. Twenty-four hours after the 
appearance abnormal dullness the animal which received leuco- 
cytes both animals the present series were killed; effusion was 
abundant the control but much less the animal with leucocytes 
tuberculous pleural nodules were numerous and massive the 
former, but almost absent the latter; the membranes within the 
thorax contained abundant tuberculous tissue the one, but little 
the other. The substernal lymphatic glands were much larger 
the control. 

The experiment furnishes additional evidence that leucocytes tend 
check the development tuberculous lesion, even though they 
have been preserved during several days temperature little 
above the freezing point. 


Series F.—Anatomical changes found animals with tubercu- 


lous pleurisy killed after repeated injections leucocytes. 


the following series experiments both control and animal 
treated intrapleural injections leucocytes were killed the 
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same interval after inoculation order determine anatomical 
examination the effect the injected cells. The animals the two 
following experiments were unequal size, that which received in- 
jections being small puppy; each received into the right pleural 
cavity half cubic centimeter the same suspension tubercle 


EXPERIMENT 23.—Dog, wt. 4,150 gm. During the first two weeks after in- 
oculation relative thoracic dullness over the infected cavity increased from 
Injection leucocytes (16 c.c.) the fourteenth day was followed 
fall this level. Two subsequent injections caused diminution the area 
dullness which after the third week twice returned normal but rose slightly 
after the effect the injection had disappeared. Twenty-four hours before the 
animal was killed relative dullness measured 4.4 cm. and the animal received 
into the right pleura 9.5 c.c. leucocytes. Cough and purulent nasal discharge 
appeared during the third week the disease and persisted until death. There 
was nodule the site inoculation which received one injection leuco- 
cytes; did not increase size but remained until death. The animal was 
killed after days. 

right pleural cavity contains c.c. turbid blood-stained fluid; 
the left, c.c. The parietal pleura smooth save one point corresponding 
the site inoculation where there group small nodules; upon the op- 
posing surface the lung and extending into the substance area fibrous 
tuberculous tissue. The bronchial lymphatic glands the right side are enlarged 
and tuberculous. the mediastinum and subpericardial membranes are tubercu- 
lous masses considerable size. The substernal lymphatic glands are greatly 
enlarged and caseous. Tuberculous glands are found near the pancreas. The 
lungs contain patches broncho-pneumonia and miliary tubercles. 

EXPERIMENT 24.—Dog, wt. 7,000 gm. Control. Two weeks after inoculation 
relative dullness had increased from 8.6 cm. and absolute dullness had made 
its appearance; the eighteenth day relative dullness was cm. and absolute 
dullness 8.5 cm. These levels were maintained until the animal was killed 
days after inoculation. nodule appeared the site inoculation and broke 
upon the surface the skin. 

right pleural cavity contains 235 c.c., the left 184 c.c. turbid 
pale yellow fluid. The pleural surfaces are intensely injected and the parietal 
pleura thickly beset with flat tuberculous nodules which near the diaphragm 
are confluent. The mediastinum occupied large mass hard tuberculous 
tissue extending into the left subpericardial membrane. The substernal lym- 
phatic glands are greatly enlarged and caseous; tuberculous glands occur near 
the pancreas. The lungs contain miliary tubercles. 


Injection leucocytes was followed diminution thoracic 
dullness already increased tuberculous pleurisy but even before 
the animal was killed was evident that the tuberculous process 
was still active, for slight increase dullness had occurred just 
before death. Difference between injected and uninjected animals 
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was well marked the pleural cavities; the control there was 
fluid great quantity, the pleural membranes were injected and 
raised tuberculous plaques were present immense numbers upon 
the parietal pleura, whereas the injected animal the pleural sur- 
faces were smooth and the cavities contained very little fluid. Else- 
where, both the control and the injected animal, tuberculosis 
was advanced and widely disseminated. noteworthy that the 
lung had been punctured the time inoculation, that, although 
the subsequent course the disease showed, the pleura had been 
infected, there was tuberculosis the lung and the bronchial 
lymphatic glands well. 

The following experiments are described illustrate further the 
anatomical effect injected leucocytes. They confirm those which 
have already been cited and furnish additional evidence that in- 
jected leucocytes influence greatest degree tuberculosis struc- 
tures with which they come into immediate contact. One animal, 
used control, received suspension tubercle bacilli (0.5 
The other animal received the same suspension (0.5 c.c.) mixed 
with leucocytes (10 c.c.) subsequently leucocytes were injected into 
one both pleural cavities intervals about week. 


EXPERIMENT 25.—Puppy, wt. 5,650 grm. After simultaneous injection 
leucocytes and tubercle bacilli there was permanent increase thoracic 
dullness until the sixth day when had increased from 3.2 3.7 cm. Subse- 
quent injections leucocytes into one both pleural cavities reduced this level 
and remained the normal level save the immediate result injection 
until death. There was bronchitis and the animal lost weight. The animal was 
killed after days. 

pleural cavities contain fluid and there tuberculous 
tissue the adjacent membranes. The mediastinum and subpericardial mem- 
branes are delicate and evidently greatly stretched that they form redundant 
folds and can pouched far the right left (Fig. 4). The parietal and 
visceral pleurae are smooth except for patches and shreds soft reddish tissue 
which represent perhaps the site tuberculous plaques. The substernal lym- 
phatic glands are enormously enlarged, measuring 3.5 cm. length; they are 
homogeneously caseous and surrounded fibrous capsule. The lungs contain 
occasional miliary tubercle; the liver contains innumerable tubercles. 

26.—Puppy, wt. 6,050 grm. Control. Thoracic dullness, measur- 
ing before inoculation 2.8 cm., increased continuously after inoculation; there 
was cough and purulent discharge from the nose after the third week. 
tuberculous nodule formed the site inoculation. the end days 
relative dullness had increased 8.2 cm., absolute dullness 4.6 cm. The 
animal was killed the end days (24 hours before death c.c. leuco- 
cytes had been injected into the right pleural cavity). 
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right pleural cavity contains 170 turbid fluid; the 
left, 125 c.c. less turbid coagulable fluid. The parietal pleura injected 
and rows tuberculous plaques are situated between the ribs; similar plaques 
occur upon the diaphragm. The mediastinum above the diaphragm contains 
tuberculous mass great size extending into both subpericardial membranes 
which are thickened and studded with tubercles (Fig. 5). The mediastinum 
above this mass thickened and beset with tubercles and larger tuberculous 
masses. The lymphatic glands are enormously enlarged, 3.5 cm. 
length and caseous. Tubercles are moderately numerous the lungs and are 
present enormous number the liver. 


Fic. Experiment 25; animal injected Fic. Experiment 26; control. 


with leucocytes. 


the animal which had received leucocytes the pleural mem- 
branes exhibited evidence tuberculosis whereas the control 
there was pleural effusion and advanced tuberculosis the pleura 
and mediastinum (compare Figs. and 5). Nevertheless tubercle 
bacilli had found lodgment the substernal lymphatic glands 
the injected animal; tubercle bacilli perhaps disseminated from this 
focus had caused miliary tuberculosis lungs and liver. 
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the following experiment repeated injection leucocytes had 
little effect upon the development tuberculosis. 


EXPERIMENT 27.—Dog, wt. 4,850 grm. the fifth day after simultaneous 
injection tubercle bacilli (0.5 c.c.) and leucocytes thoracic dullness had 
increased 4.3 cm., the original level being 2.5 cm. Injection leucocytes 
repeatedly reduced thoracic dullness but failed restore normal. Cough 
appeared and was accompanied purulent nasal discharge, conjunctivitis and 
ulceration the right cornea. The animal lost weight and became sick and 
weak. was killed after days; just before death relative dullness measured 
5.5 cm., absolute dullness 2.8 cm. 

right pleural cavity contains 5.5 c.c. almost clear fluid; 
the left cavity contains c.c. very turbid yellowish fluid. Upon the parietal 
pleura and diaphragm occasional tuberculous plaque. The mediastinum 
from substernal glands which are greatly enlarged and caseous diaphragm 
occupied yellowish white tissue which partly caseous and partly fibrous. 
Almost the entire right lung consolidated mottled red and gray patches 
broncho-pneumonia; the left lung contains similar patches. The liver contains 
tubercles; lymphatic glands near the pylorus are enlarged and caseous. 

EXPERIMENT 28.—Dog, wt. 4,400 grm. Control. Thoracic dullness (normal 
relative dullness measured 3.2 cm.) increased continuously after inoculation with 
0.5 c.c. suspension tuberculosis mixed with c.c. salt solution; nodule ap- 
peared the site inoculation. was cough which disappeared. The 
animal was killed the end days; before death relative dullness measured 
8.5 cm. and absolute dullness 4.6 cm. 

right pleural cavity contains c.c. opaque fluid; the left 
cavity, The parietal pleura intensely injected and upon its surface are 
flat inconspicuous tuberculous nodules. the mediastinum above the dia- 
phragm extending far into the subpericardial membranes each side very 
large firm tuberculous mass pearly white color. The substernal lymphatic 
glands are greatly enlarged and continuous with large tuberculous mass 
the mediastinum situated immediately below them. The lungs contain few 
scattered tubercles; tubercles are numerous the liver. 


Series with more virulent tubercle bacillus.— 
The foregoing experiments have been performed with strain 
tubercle bacillus moderate virulence; this organism killed guinea- 
pigs three four weeks after intraperitoneal inoculation, but 
failed kill rabbits when injected into the peritoneal cavity. 
the following experiments much more virulent organism which 
killed rabbits five weeks after intraperitoneal inoculation was used. 
Its virulence was well illustrated the effect dogs—death oc- 
curred with considerable rapidity, and instead the gray-white 
sarcoma-like masses containing foci caseation new formed tissue, 
which exhibited almost homogeneous caseation, was the result 
fatal inoculation. 
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EXPERIMENT wt. 6,050 grm. Dullness over the right side the 
chest increased during the week following inoculation and was reduced the 
injection leucocytes (Chart 16). The second injection produced decrease, 
but the third caused material fall the levels relative and absolute dullness. 
Subsequent injections were not equally favorable. nodule appeared the 
chest wall the site inoculation and was injected four times with leucocytes 
(0.5 increased size measuring 4.5 cm. across, and then diminished 
slightly. The animal became thin and weak and died after days. 

right pleural cavity contains c.c. serous slightly turbid 
fluid; the left cavity contains c.c. less turbid fluid. The pleural membranes 
are intensely injected. The mediastinum contains flat mass greenish caseous 
material (Fig. second mass just above the diaphragm extends into the left 
subpericardial membrane; the corresponding membrane the right side uni- 
formly thickened partly caseous tissue. The mediastinal lymphatic glands are 
enlarged and caseous. Distributed over the pericardium diaphragm and pul- 
monary surfaces are plaques yellow tissue. The chest wall (at the site 
inoculation) contains ill-defined area thickening and caseation and oppo- 
site the substance the lung round nodule tuberculous tissue; the 
bronchial lymphatic glands the right side are tuberculous. The lungs con- 
tain few small miliary tubercles. The liver enlarged and jaundiced and 
contains tubercles immense number. 

EXPERIMENT 30.—Dog, wt. 7,500 grm. Control. After inoculation thoracic 
dullness increased gradually (Chart 17); small nodule formed the skin 
the site inoculation. The animal died the end days. 

right pleural cavity contains 195 c.c. yellow opaque fluid; the 
left, 150 c.c. The pleural membranes are injected more markedly the right 
side; the parietal pleura the right side are flat yellow tubercles. The en- 
tire mediastinum occupied greenish-yellow somewhat soft caseous mass 
merging into the greatly enlarged caseous substernal lymphatic glands. Both 
subpericardial membranes are greatly injected and contain large caseous masses 
(Fig. Opposite the site inoculation small caseous nodule 0.5 cm. 
across and extending about 1.5 mm. into the substance the lung. The 
contain tubercles; the liver are numerous miliary tubercles. 


Tuberculosis was almost equally advanced the two animals, 
although that which received leucocytes tuberculous masses 
the mediastinum and elsewhere were smaller. Wide dissemination 
the injected animal referable part inoculation the lung. 
the following experiment both injected animals and control were 
killed the end the same period and neither gave evidence that 
the lung substance had been entered the tubercle bacilli with 
which they had been inoculated. 

EXPERIMENT wt. 5,250 grm. gradual increase dullness fol- 
lowed inoculation (Chart 18); the first injection caused rapid increase 


dullness followed decrease maintained until the next injection. This injec- 
tion was followed increase which did not subside. There was accumu- 
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Experiment 30; control. 


— 


19. Experiment 32; control. 


cM OAYS 10 20 30 GRM 
16. Experiment 29; injection leucocytes. 
cM DAYS 10 
18. Experiment 31; injection leucocytes. 
GRM 
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Fic. Experiment 29; animal injected Fic. 30; control. 
with leucocytes. 


Experiment 31; animal injected Experiment 32; control. 
with 
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lation large pleural effusion and subsequent injections exhibited only oc- 
casional tendency depress its level (fifth and seventh injection). nodule 
formed the chest wall during the third week after inoculation, increased 
size and broke upon the surface; was injected three times with leucocytes. 
During the seventh week the disease swelling appeared over the lower bone 
the right hind leg and soon breaking upon the surface formed ulcer with 
undermined edges about which there was redness the skin. Leucocytes simi- 
lar those previously employed were applied the wound injected 
beneath its edges; sterile dressing was put about the leg. Two days later 
when the bandage was removed swelling and redness had almost disappeared 
and the ulcer was clean and dry but exhibited tendency heal. The animal 
became thin and very weak and died days after inoculation. 

right pleural cavity contains c.c. deep yellow fluid; the 
‘left cavity, c.c. reddish fluid. The pleura the diaphragm and chest 
wall roughened thin irregularly distributed layer fibrin and both 
parietal and pulmonary pleure occur few small tuberculous plaques. The 
mediastinum thickened and contains small masses friable caseous tissue 
‘from mm. thickness (Fig. 8). Similar thin plaques caseous 
material with rough surface somewhat eroded appearance occupy the subperi- 
cardial membranes. The substernal lymphatic glands are hard and caseous, 1.7 
cm. length. The lungs contain tubercles recognizable macroscopic 
examination. The liver enlarged and contains tubercles. The spleen large 
and soft, but exhibits tubercles. Lymphatic glands contact with the pan- 
creas are enlarged and caseous; the mesenteric glands show the same alteration. 

EXPERIMENT 32.—Dog, Control. After inoculation thoracic dull- 
ness increased during three weeks (Chart 19), decreased and again increased; 
nodule formed the site inoculation. The animal became thin and weak 
and conjunctival jaundice was present before was killed, when almost mori- 
bund, days after inoculation. 

right pleural cavity contains 104 c.c. almost clear, amber 
yellow fluid; the left pleural cavity, 116 c.c. The pleura slightly thickened and 
upon the parietal and visceral surfaces, particularly the right side, are 
numerous flat nodules. The mediastinum replaced great mass fairly 
soft, greenish yellow, great part caseous tissue extending the whole length 
the sternum and projecting outward into each subpericardial membrane (Fig. 
9). The substernal lymphatic glands are greatly enlarged and caseous, meas- 
uring 2.3 cm. length. 

The lung the surface and its substance contains immense number 
tubercles. The liver jaundiced and contains innumerable tubercles. The 
spleen enlarged and contains thickly scattered opaque tubercles. Tuberculous 
glands great size occur near the pancreas. 


These experiments, which virulent tubercle bacillus was 
used, were undertaken under unfavorable conditions; dogs ap- 
proximately equal size were not obtainable and the dogs used 
controls were much larger (9,050 and 7,500 grm.) than those which 
were injected (6,050 and 5,250 grm.). Fall the level thoracic 
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dullness frequently followed injection leucocytes, but was less 
constant than preceding experiments which the less virulent 
was employed. noteworthy that for two injec- 
tions one animal (third and fourth injections Experiment 29) 
and for one injection the other (fourth Experiment 31) cells 
were used which were obtained four and five days after injection 
turpentine and were almost entirely necrotic. Nevertheless, 
although the injections failed prolong life, the anatomical condi- 
tion observed autopsy showed that they had exerted influence 
upon the development the tuberculous lesion similar that 
which was evident when somewhat less virulent 
had been inoculated. 

The quantity fluid found autopsy the pleural cavities 
the control animals has been far greater than that the injected ani- 
mals. diagrams which show the size and distribution tuber- 
culous tissue indicate that the lesion has been more advanced the 
controls, which contain throughout the mediastinum large masses 
caseous tissue merging into one another (see Figs. and 9). 
the injected animals (see Figs. and 8), especially Experi- 
ment 31, tuberculous masses are less extensive and are smaller 
size. Experiment the lung has been punctured and infected 
the time inoculation, that there opportunity com- 
paring the effect injections upon general dissemination tuber- 
culosis, but between Experiment and its control, Experiment 32, 
which the animals lived the same length time, comparison 
possible; tuberculosis the lungs, liver and spleen was more ad- 
vanced the control than the injected animal. 

The almost constant effect leucocytes injected into the pleural 
cavity animal from week ten days after intrapleural inoc- 
ulation with tubercle bacilli fall the level thoracic dull- 
ness, elevated the presence effusion newly-formed 
tuberculous tissue. This fact especially noteworthy because leu- 
cocytes similar amount injected into the normal pleural cavity 
cause rapid but temporary accumulation fluid and increase 
dullness over the dependent part the chest. The first injection 
leucocytes into eleven tuberculous animals was followed seven 
instances fall dullness recognizable twenty-four hours later; 
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two experiments there was depression the level dullness 
until forty-eight hours later. only two animals did reaction 
occur resembling that the normal animal, namely, rise dullness 


following injection with subsequent fall; one instance this level 


finally fell below the level time injection, but one instance 
remained above the previous level. 

Injections after the first exhibited similar almost constant ten- 
dency reduce the level thoracic dullness; preliminary eleva- 
tion followed within two three days fall below the level 
the time injection was frequently observed. 

The relation depression thoracic dullness diminution 
pleural effusion well shown the amount fluid present 
autopsy the chest injected and uninjected animals. The fol- 
lowing figures represent the quantity fluid present the chest 
such animals dead killed approximately equal intervals after 
inoculation. 


Injected Animal. Control. 
Number. Right. Left. Number. Right. Left. 


one series experiments (Series the animal which had 
received injections contained more effusion than the control; 
this instance chronic non-tuberculous pleurisy not apparently refer- 
able the tubercle bacillus had been caused frequently repeated 
and very large injections leucocytes. The experiment was per- 
formed the beginning the present study and accurate measure- 
ment the quantity fluid was not made. 

Diminution abnormal thoracic dullness caused repeated 
injection leucocytes into the tuberculous pleural cavity doubt- 
less due diminution tuberculous tissue and about the medias- 
tinum well diminution fluid. Evidence the disap- 
pearance such tissue obtainable only autopsy and number 


*In this experiment leucocytes were injected into the pleural cavity twenty- 
four hours before death. 
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instances comparison has been made between injected and unin- 
jected animals dead killed the same interval after inoculation 
with the same suspension tubercle bacilli. The attempt has been 
made illustrate the effect leucocytes the accompanying table 
which parallel injected and control animals are compared. 

noteworthy that two instances which the difference 
between injected and uninjected animals has been comparatively 
slight (Experiments and 29) the inoculated tubercle bacilli have 
entered part the substance the lung, for opposite the site 
injection there have been tuberculous masses within the organ and 
the bronchial lymphatic glands the same side have been enlarged 
and tuberculous. these cases examination during life has dem- 
onstrated the existence tuberculous pleurisy, but coexisting pul- 
monary tuberculosis has doubtless formed second focus from 
which dissemination might occur, that the disease perhaps has 
been less readily influenced the injected leucocytes. 

The influence injected cells has been found most evident where 
may assumed that the injected material has been contact 
with tuberculous tissue. The pleural membranes exhibit most 
marked degree the effect the injected leucocytes. injected 
animals the flat plaques tuberculous tissue which occur the con- 
trols upon the parietal pleura and diaphragm are almost wholly 
absent; nodules and larger masses newly formed tissue the 
mediastinum have been much smaller after injections and the mem- 
brane has had Experiments (not included the table) and 
Experiment the delicate translucent appearance observed the 
normal animal. Tuberculous masses situated the subpericardial 
membranes either side are similarly retarded their develop- 
ment. 

The long diameter the substernal lymphatic glands given 
the table crude measure tuberculosis these organs. 
Comparison injected and uninjected animals killed after the same 
interval shows that these tuberculous glands have usually attained 
greater size the uninjected than the injected animals, but this 
difference not constant. Cells doubtless influence with greater 
difficulty these more remote structures and Experiment the 
pleural cavities the injected animal were normal, but the sub- 
sternal lymphatic glands were greatly enlarged. 
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The late changes which may occur the result injection 
leucocytes large quantity are well illustrated Experiment 
The control contained the mediastinum and adjacent membranes 
large succulent masses tuberculous tissue, whereas correspond- 
ing situation the injected animal there was scar-like fibrous 
tissue; the substernal lymphatic glands the control were large, 
hard and tuberculous, whereas those the injected animal were 
only moderately enlarged and did not exhibit evidence tubercu- 
losis. 

Complete restoration normal better illustrated Experi- 
ment Series the pleural surfaces are smooth and the 
mediastinal and subpericardial membranes, though stretched and 
redundant, are delicate and transparent. Tags soft reddish 
tissue represent apparently the site tuberculous nodules. The 
condition the pleural cavities and adjacent membranes identical 
Experiment 25. 

Evidence obtained from animals killed varying intervals after 
inoculation does not afford evidence that injection leucocytes 
increases diminishes dissemination tuberculosis. Both con- 
trols and injected animals the liver invariably the seat 
miliary tubercles, which may numerous ten days after inocula- 
tion. Widespread distribution occurred the injected animal 
Experiment and the control, Experiment 32, but each instance 
was absent the animal used for comparison. ani- 
mals shows that disappearance the local lesion tends limit dis- 
semination bacteria. 

The mechanism the process which leucocytes, obtained 
use sterile irritant, inhibit the development tuberculous 
lesion has not been considered. noteworthy that the cells 
injected consist polynuclear and equally great number mono- 
nuclear cells. The histology tuberculosis the dog presents 
features interest and has exhibited alterations apparently the 
result leucocytic injection. which have been cited 
have suggested that leucocytes which are living can alone accom- 
plish the changes which have been described. These details require 
special study. 
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